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LITHOGR.\PHIC.AXLY DEFINED .NHCROELECTRONIC CONTACT STRLCTL-RES 

CROSS-RE FERENTF TO RfLATFD APPLICATIONS 

ifus patent application is a continuation-in-pan of ccmmonly-ow-ned. copendine U.S. 
Patent Application entitled "MICROELECTRONIC CONTACT STRUCTURES", Senal No. 
60/073,679 filed 04 Feb 98 by Pedersea and Khandros, incorporated by reference herein. 

This patent application is also a continuation-in-pan of commoniy-owned, copending 
U.S. Patent Application No. 08/852,152 filed 06 May 97 by Eldndge. Khandros, Mathicu and 
Psdersen (status: pending) and its counten^an PCT Patent Application No. US97/08634 filed 15 
May 97 (status: piiblished as VV097/43654. 20 Nov 97), both of which are incorporated by 
reference herein, both of which are refenred to hereinafter as the "P.\RENT CASE". 
TECHNICAL FIELD OF THE TNJVFNTTON 

The present invention relates to resilient (spnng) contact (interconnection) e!emen:s 
(structures) suitable for effecting pressure and/or compliant connections berween electronic 
components and. more particularly, to microminiature contact structures. 
BACKGROUND OF THE TNVFNTTON 

Commonly-owned, copending U.S. Patent Application No. 08/452,255 riled 26 May 95 
by Eldndge, Gnibe, Khandros and Mathieu (status: pending) and its counterpan PCT patent 
application number PCT/US95/14909 filed 13 NOV 95 (status: published as WO95/14909, 06 
Jun 96) disclose methods for making resilient interconnection elements for microelectronics 
2pplications involving mounting an end of a nexible elongate core element (e.g., wire "stem" or 
"skeleton") to a terminal on an electronic component, coating the flexible core element anc 
adjacent surface of the terminal with a "shell" of one or more materials having a predetermined 
combination of thickness, yield strength and elastic modulus to ensure predetennined force-to- 
derlection characteristics of the resulting spring contacts. Exemplar/ materials for the core 
element include gold. Exempla:7 materials for the coating include mckei and its alloys. Tne 
resulting spring contact element may be used to effect pressure, or demountable, connections 
bet%veen avo or more electronic components, particularly microeiectronic components, 
including semiconductor devices. 

The aforementioned PARENT CASE discloses fabncatmg spring contact elements by 
depositing at least one iayer of metallic matenal into openings deimec in multiple masking 
layers deposited en a surface of a substrate which may be an electronic component such ai an 
active semiconductor device. Each spnng contact element has a base er.d, a contact end. and a 
central body ponion. In an embodiment discioscd therein, the contact end may be ci:-se! n the 
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z-ax:s ^ai a different height) and in at least one of the x and y directions from the base end. In 
this manner, a plurality of spnng contact eiements arc fabncated m a prescnbed soatial 
reiaticnsmp wuh one another on the substrate. The spnng contact elements make temporal' 
(I.e.. pressure) or pennanent (e.g.. joined by soidenng or brazing or with a conduciive adhesive) 
connections wuh terminals of another eiecrromc component to effect elecmcal connections 
therebervveen. In an exemplary application, the spring contact elements are disposed on a 
semiconductor devices resident on a semiconductor wafer so that temporary connections can be 
made with the semiconductor devices to bum-in and/or test the semiconductor devices prior to 
their being singulated from the semiconductor wafer. 

As in the PARENT CASE, the present invention addresses and is panicularly well- 
suited to making interconnections to modem microelectronic devices having their termmais 
(bond pads) disposed at a fine-pitch. As used herein, the temi "fine-pitch" refers to 
microelectronic devices that have their terminals disposed at a spacmg of less than 5miis, such 
as LSjnils or 65mn. As will be ev-ident from the description that follows, tfcs preferablv 
achieved by taking advantage of the close tolerances that readily can be realized by using ' 
lithographic rather than mechanical techniques to fabricate the contact elements. 

Commonly-owned. copending U.S. Patent Application No. 08/955,001 illed 20 Oct 97 
by Eldndge, et al. (status: pending), incorporated by reference herein, also addresses and is 
particularly weil-suited to making interconnections to modem microelectronic devices having 
their tenninals (bond pads) disposed at a fine-pitch. As described therein, spnng contact 
eiements may be fabricated at areas on an electronic component which are remote from 
temunais to which they are electncally connected, and eiectncally connected to the temiinals 
via conductive lines which extend from terminals of an electronic component to positions which 
are remote from the terminals. In this manner, a plurality of substantially identical spring 
contact elements can be mounted to the electronic component so that their free ends are 
disposed in a panem and at positions which are spatially-translated from the panem of the 
terminals on the component. The spnng contact eiements include, but are not limited to, 
composite interconnection elements and plated-up structures. The electronic component' 
includes, but is not limited to. a semiconductor device, a memory chip, a portion of a 
semiconductor wafer, a space transfonner. a probe card, a chip earner, and a socket. 
Sl.'Nr?vtARY OF THr rVVFNTTON,- 

•An object of the present invention is to provide an improved teci^n.cue :cr fabncating 
^pnng comae: eiements. 
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.\no:her object of the invention is :o provide a technique icr fabncating spnng contact 
eien:ents usmg processes that are inherently well suited to the fine-pitch, ciose-tolerance world 
oi" microelectronics. 

Another object of the invenuon is to provide a technique for fabricating microrainjanire 
= spnng contact elements directly on acnvc eiectromc components, such as semiconductor 
devices, without damaging the semiconductor devices. This includes fabncntmg 
microminiature spring contact eiements on semiconducior devices resident on a semiconductor 
wafer, pnor to the semiconductor devices being singulated from the semiconductor wafer. 

.Another object of the mvention is to provide a technique for fabricating spring contact 
:o eiements that are suitable for socketing (one form of releasably connecting to) electronic 

components such as semiconductor devices, such as for performing bum-m on said devices. 

According to the invention, microelectronic contact smjctures are fabricated by applying 
a masking layer on a surface of an electronic component, creating openings in the maskmg 
layer, depositing conductive n-aces onto the masking layer and into the openings, and buildmg 
15 up masses of conductive material on the conductive traces. The masses of conductive matenal 
each represent a contact stnicture having its base end extending up through the opening, having 
a main body ponion extending across the masking layer (on the conductive trace), and having a 
tip end. 

.According to an aspect of the invention, the sidewalls of the openings in the masking 
: 0 layer may preferably be tapered (sloped). Techniques icr forming tapered (sloped) opening! are 
disclosed herein. 

According to an aspect of the invention, the conductive traces may be deposited onto the 
masking layer using a stencil (shadow mask). 

According to an aspect of the invention, the openings in the masking layer deilning the 
- s base ends of selected ones of the contact strachires can be located over contact pads of the 

electronic component. Alternatively, the openings in the masking layer defining base ends of 
selected ones of the contact structures can be located remote from the contact pads and 
connected to the contact pads by a patterned conductive layer underlying the masking layer. 
According to an aspect of the invention, protruding features may be disposed on the 
0 maskmg layer so that tip ends of the contact stn^cmres are otTset from mam body ponions of the 
contact structures. 

The eiectroruc component may include, but is not limited to. an active semiconductor 
cev,cs. a rr.emorv- chin, a ponion of a semiconductor water, a space trans for;n=r. a probe cord, a 
cn-.p carr.er. a.nd a socket. In other words, the electronic component may be a passive device that 
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suppons one or more eiecrronic connections. It is paniculariy preferred to add the 
microelecrronic contaci stnicrures of this invention to an aciive electronic device, panicuiarlv a 
silicon semiconducror device. 

The contact stnicaires of this invention are suitable for making euher temporary or 
permanent elecmcal connecrions to terminals of another electromc component such 2s a printed 
circuit board (PCB) intcrconneciion substrate. 

For making temporary connections, the component upon which the coniact structures are 
fabncated is brought together with the other electromc component so that the tip ends of the 
contact stnicrures make pressure connections with the terminals of the other eiecn-onic 
component. The contact suiictures react resiliently (in elastic deformation mode) to maintain 
contact pressure and electrical connections between the two components. 

For making permanent connections, the component upon which the contact structures 
are fabricated is brought together with the other electronic component, and the lip ends of the 
contact structures are joined, such as by soldering or brazing or with a conductive adhesive, to 
the terminals of the other electronic component. The contact structures are compliant, and 
accommodate difTerenrial thermal expansion between the two elecaonic components. 

The contact structures of the present invention can be fabricated directly on the surface 
of a semiconductor device, or on the surfaces of a plurahty of semiconductor devices resident on 
a semiconductor wafer. In this manner, a plurality of semiconductor devices resident on a 
semiconductor wafer can be "readied" for bum-in and/'or test prior to being singulated from the 
semiconductor wafer. 

According to an aspect of the invention, the tapered (sloped) openings in the masking 
layer manifest themselves as tapered (sloped) regions in the seed layer, as well as in tapered 
(sloped) regions of the resultmg contact srnictures formed on the seed layer. 

Other objects, feamres and advantages of the invention will become apparent in lisht of 
the following descriprion thereof. 

Briefly, the present invention is directed to the fabrication of one or more 
microelecn-onic contact smicuires. Such a strucnire may be fabricated by applying a masking 
layer on a siirface of an siecn-oruc component, creatmg an opening m the maskir.2 layer, 
depositing a seed layer (preferably as a conductive n^ace) onto the masking layer and into the 
cpcrunL', and buudmg up a mass of conductive material on the conductive trace. The sidewails 
of an opening can tapered. Techmiques for tapcrng the sidewails of Lhe operurg are 
disclosed. The conductive traces can be deposited ihiough a stencii (shadow mask thereby 
obviating a need fcr an additional masking layer. A procrucmg feature, such as -n ;he form of a 
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dot oi':nsul2ting maier.al niay be disposed on the masking layer so that the :w end of ihe 
resulting contact sinicuire has a topology. The mass oi" conductive raaier.al has a 2eneraily 
hemispherical lateral cross section as built up on the seed layer. The opening m the maskjn^ 
layer, defining a base end of the contact stmcmre, can be over a contact pad of the eiectromc 
5 component, or remotely located therefrom and connected to the contact pad by a conducnve 
trace. 

Significant dirTerences between the technique of the present invention and those 
disclosed in the P.AJIENT CASE include, but are not limited to: 

a) In the P,\RENT CASE, the contact structure is built up in a multilevel rroudi in 

10 multilevel masking layers. The creation of such a multilevel trough is relatively complicated as 
compared with the relatively straightforv/ard technique of the present invention that involves 
forming of openings (222) in a masking layer (220), preferably a single masking layer which 
can be patterned in a single step. 

b) The technique of the present invention facilitates the fonnanon of tapered sidewails 
(e.g., of the openings 222) which provide a smooth transition from one level of the contact 
smicture (e.g., its base portion) to another level of the contact structure (e.g., its main body 
portion). 

c) The "third level" - namely the tip end of the contact strucmre is defined by the 
relatively stralghtfor^vard insniimentality of a pron^ding feature (230) as opposed to another 
trough in another masking layer. 

d) The overall shape (gcometn/) of the contact struciure is determined by and built up 
upon a conductive trace (250) rather than in a trough. As a general proposition, it is somewhat 
easier to reliably and controilably piate "onto" something (i.e., a conductive trace) than to plate 
"into" something (i.e., a trough). For implementing curved (versus linear) contact structures, 
this greatly simplifies pattern formation. 

e) The overall shape of the contact strucmre in the x and y dimensions (where the 
eiecironic component has a surface which is in the xy plane) is defined primarily by a stencii cr 
shadow mask. In contrast, the x and y shape in the P.\R£NT CASE is defined pnmanly by 
patterning various layers of masking material. 
BRJEF DESCRIPTION OF THF. DRAWTNGS 

Reference will be made in dti^il to preferred embodiments of :he invention, examples of 
which are lilustrated in the accompanying drawings. Tlie drawings are intended to be 
illustrative, not limiimg. .^Jthough the invemion wiil be descnbed in the context of ±ese 
prcrerrca embodiments, it should be understood that :t :s not imendea to limit the sz^int and 
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scope of the invention to these panicular e~bodiments. Csnam eie.-nents in selected ones oi'ihe 
dra'.vmgs are illustrated r.ot-to-scale. for lilusrrative cianr/. Often, similar elenents througncut 
the drawings are referred to by similar reierence numerals. For example, the element 1 99 may 
be similar m many respects to the dement 299 in another figure. Also, often, similar eiemenrs 
5 are referred to with similar numbers in a single drawing. For example, a plurality of elements 
199 may be referred to as 199a, 199b, 199c, etc. 

Figure lA is a side cross-sectional s-iew of a technique for makmg a spnng contact 
element, as disclosed in the P.'VRENT CASE. 

Figure IB is a side cross-sectional view of the spring contact eiem.ent of Figure lA. as 
10 disclosed in the P.AilENT CASE. 

Figure IC is a perspective view of ±e spring contact element of Figure IB, as disclosed 
in ihe P.ARENT CASE. 

Figure 2 A is a side cross-sectional view of a step in a nrst exemplary embodiment of a 
process for making a contact structure, according to the invention. 
IS Figure 2B is a side cross-secticnal view of another step in the first exemplary 

embodiment of a process for making a contact structure, according to the invention. 

Figure 2C is a top plan view of an interim product formed in the step shown in Figure 
2B, according to the first exemplary embodiment of a process for making a contact structure, 
according to the invention. 
2 0 Figure 2D is a side cross-sectional view of another step in the first exemplary 

e.T/oodiment of a process for making a contact structure, according to the invention. 

Figure 2E is a side cross-sectional view of another step in the first exemplary 
embodiment of a process for makmg a contact structure, according to the invention. 

Figure 2F is a top plan view of interim products formed in the step shown in Figure 2E, 
: 5 according to the first exemplary embodiment of a process for making a contact structure, 
according to the invention. 

Figure 2G is a side cross-scctional view of another step in the first exemplary 
embodiment of a process tor making a contact stnica;re, according to the invemion. 

Figure 2H is an end cross-sectiona! view of the product fonr.ed by the step shown in 
c Figure 2G. according to the first exemplary embodiment of a process tor making a comact 
structure, according to the invention. 

Figures 21 and 2J are perspective views of wo of many possible configurations for the 
contact strjcrure of the present ;n%-ent:cn. hig.n.iightmg its funnel-like base end. Figure 21 
•■ilustrates a str.cnire resuitmg f^cm panially coating the sidewails of an opemng, as shown m 
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Figures 2E and 2G generally. Figure 2J shows a siracrure resuiting from hilly coanng the 
sidewails of an opening, as shewn in Figures 4E and 4G- 

Figure 2K is a top plan view of an mienm product formed in ihe step shown m Figure 
2G, according to the first exempiary embodiment of a process for making a contact strucrure, 
5 according to the invention. 

Figures 2L and 2M are side cross-sectionai and perspective views, respectively of a 
completed contact structure formed on an electronic component, according to the first 
exemplary embodiment of a process for making a contact strucnire, according to the invention. 
Figure 2N is a side cross-sectional \iew of a contact structure of Figures 2L and 2M 
10 with its tip end making contact with a contact pad of an electronic component, according to the 
invention. 

Figure 20 is a side cross-sectional view of a contact structure of Figures 2L and 2M 
with its tip end soldered to a contact pad of an electronic component, according to the invention. 
Figure 3 A is a side cross-sectionai view of a step, comparable to the step shown in 
15 Figure 2D, in a second exempiary embodiment of a portion of a process for making a contact 
structure, according to the invention. 

Figure 3B is a side cross-sectional view of another step, comparable to the step shown 
in Figure 2E, in the second exemplary embodiment of a portion of a process for making a 
contact structure, according to the invention. 

Figure 3C is a side cross-sectional view of another step, comparable to the step shov/n 
in Figure 2K, in the second exempiary embodiment of a ponion of a process for making a 
contact stmcture, according to the invention. 

Figure 3D is a side cross-sectional view of an optional enhanced stmcture. adding a tip 
and post strucnire to the structure of Figure 3C. 

Figure 4\ is a side cross-sectional view of a step, comparable to the step shown in 
Figure 2A, in a third exempiary embodiment of a process for making a contact stmcture, 
according to the invention. 

Figure 4B is a side cross-sectional view of another step, comparable to the step shown 
in Figure 2B, m ihe third exemplar:/ embodiment of a process for making a contact strucmre. 
:3 according to the invention. 

Figure 4C is a top plan view of an interim product formed in the step shown in Figure 
4B, according to the third exemplary embodiment of a process for making a contact srracture, 
^.ccording to the invention. 
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Figure 4D is a sice cross-secnonai view of another step, ccmparaole lo :he step showTi 
in Figure 2D, m the third exemplar/ embodiment of a process for making a contact strucnixe. 
according to the invention. 

Figure 4E is a side cross-sectional view of another step, comparable :o the sten shown 
m Figure 2E, in the third exemplarv' embodiment of a process for making a contact strucnire, 
according to the invention. 

Figures 4F is a top plan view of an interim product formed in the step shown in Figure 
4E. according to the third exemplary embodiment of a process for making a contact strucau-e, 
according to the invention. 

Figure 4G is a side cross-sectionai view of another step, comparable to the step shown 
in Figure 2G, in the third exemplary embodiment of a process for making a contact structure, 
according to the invention. 

Figure 5A is a side cross-sectionai view of a technique for creating an opening in a 
masicing layer on a substrate, according to the prior an. 

Figure 5B is a side cross-sectional view of an opening created in a masking layer on a 
substrate, according to the prior art. 

Figure 5C is a side cross-sectional view of another technique for creating an opening in 
a masking layer on a substrate, according to the prior art. 

Figure 5D is a side cross-sectionai view of a technique for creating a tapered opening in 
a masking layer on a substrate, according to the invention. 

Figure 5E is a side cross-sectional view of another technique for creatine a tacered 
opening in a masking layer on a substrate, according to the invention. 

Figure 5F is a side cross-sectional view of another technique for creatine a tapered 
opening m a masking layer on a substrate, according to the invention. 

Figure 6 A is a top plan view of an embodiment of a tip end of a contact structure, 
according to the invention. 

Figure 6B is a top plan view of another embodiment of a lip end of a contact structure, 
according to the invention. 

Figure 7 illustrates a top plan view of a preferred embodiment of a s::nns shape, 
according to the invention. 

Figure 8 illustrates a siencii for forming and transferring a protruding feature accordin'.i 
to ihxs mvention. 
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DET/VILED DESCRIPTION OF THE IM/TNTIOM 

Pnor to descnbmg the techniques and resulting microeiecn-omc contact smicrures of:he 
present irA'ennon. a bnef review of the techniques descnbed m the P.^RENT CASE is userai. 
Although there is some commonality between the matenais and processes employed by the 
present mvemion and those of the P.-VRENT CASE, and both are directed to fabncating 
microelecrronic contact structures which may be spring contact elements, noticeable and 
dramaiic differences will become evident in the discussion that follows. 

Figures 1 A-IC illustrate a techmque of fabricaimg microelectronic contact sn^crures 
which are spring contac: elements, by depositing at least one layer of metallic material into 
openings defined m multiple masking layers deposited on a surface of a substrate which may be 
an electronic com.ponent such as an active semiconductor device, as disclosed in the 
aforementioned P.ARENT CASE. Generally, a number of insulating layers having openings 
formed liierein are aligned and "seeded" with a layer of conductive material. A mass of 
conductive material can then be formed (or deposited) in the seeded opening(s), such as bv 
electroplating (or CVD, sputtering, electroless plating, etc.). After the insulating layers are 
removed, the masses can ftinction as freestanding resilient contact structures which extend not 
only vertically above the surface of the component, but also laterally from the location whereat 
they are mounted. In this manner, the contact sn^ctures are readily engineered to be compliant 
in both the Z-axis as well as in the x-y plane (parallel to the surface of the component). Note 
that in reference to Figures 1 A, IB and I C "above" is to be read in the sense of the drawmg only 
as the three dimension relationships can be nransformed, translated and rotated generally and 
remain within the teachings of the mvemion. 

Figure 1 A is illustrative of an exem.plary technique for fabncating one of a piuralir>' of 
freestanding resilient (spring) contact elements 120 on a subsn-ate 102. The substrate 102, for 
example, may be an active electronic component, including semiconductor devices, including 
semiconductor devices resident on a semiconductor wafer. 

The substrate 102 has a plurality (one of many shown) or areas 1 12 on its surface 
whereat the spnng contact elements will be fabricated. In the case of the subsaate 102 bemg an 
electronic component (such as a semiconductor device), these areas 1 12 preferably would be 
tcrmmals (such 23 bond pads) of the eleciromc component. 

Generally, the techmque mvolves applying a number (three showm) of patterned maskins 
layers 10-i, 106 and 108 havmg opemngs onto the surface of the subsn-ate. The layers are 
pancmed to have openings (as showr/i aligned wiLh the areas 1 12. and the orcnmes are s:zed 
a.r:d shaped so that an opening m a one layer (e.g.. ICS, IG61 extends runher rVcm the area i :2 
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than an opening :n an underlying layer (e.g., 106, 104, respectively). In other words, the firs: 
layer 104 has an opening, which may be over the area 112. A portion of the opening in the 
second layer 106 is aligned over at least a ponion of the opening in the first layer 104 and, 
conversely, a portion of the ilrst layer 104 extends under a ponion of the opening in the second 
layer 106. Similarly, a ponion of the opening in the tliird layer 108 is aligned over at least a 
ponion of the opening in the second layer 106 and, conversely, a ponion of the second layer 106 
extends under a ponion of the opening in the third layer 108. The bottom ponion of a given 
overall opening is over the selected area 1 12 and its top ponion is elevated from its bottom 
portion. As will be discussed m greater detail hereinbelow, a conductive metallic material is 
deposited into the openings, and the masking layers are removed, resulring in a free-standing 
contact structure having been fabricated directly upon the substrate with its base end secured to 
the substrate 102 at the area 1 12 and its free end extending both above the surface of the 
substrate and laterally-displaced from the area 112. 

If required, such as for electroplating, a thin (e.g., 4500 A ) "seed" layer of conductive 
material 1 14 such as titanium-tungsten (Ti-W) may be deposited into the openings. Then, a 
mass of conductive metallic material (e.g., nickel) 120 can be deposited by electroplating into 
the openings. 

Figures IB and IC illustrate a resulting spring contact element 120 having its base end 
122 adjacent the area 112, and its free-end (tip) 124 elevated in the z-axis above the surface of 
the substrate 102 as well as laterally offset in the x-axis and y-axis from the base end 122. 

As best viewed in Figure IC, the contact element 120 will react to pressure applied in 
the z-axis at its lip end 124, as indicated by the arrow 132, such as would result from making a 
tempcran.' pressure eiectncai connection with a terminal (not showTi) of another electronic 
component (not shown). Compliance in the z-axis ensures that contact force (pressure) will be 
maintained, and also accommodates non-plananties (if any) between terminals (not shown) on 
the other electronic component (not shown). Such temporary electrical connections are useful 
for making lemporary connections to the electronic component 102, such as for performing 
bum-in and/or testing of the component 102. 

The tip end 124 may also be free to move compliantly in the x- and y- directions, as 
indicated by the arrows 136 and 13^, respectively. This would be imocnant m the context of 
joining (by scldenng, or brazmg. or with a conductive adr.esive) the up end 12^ to a terminal 
(not shown) of another eiccrronic component (not shown) which has a differenr coefficient of 
thermai expansion ihan the subsirate (component) 102. Such permanent eiecn^cal connections 
are useful for a^sembhes cf elecrronic components, such as a piuraiity of memory chips (each of 
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which IS represented by the substraie 102) to another elecrroaic component such as an 
interconnection substrate such as a printed circuit board ("PCB"; not showTi). 

By suitable choice of material and geomea^', these fabricated masses 120 can function as 
freestanding resilient contact structures that have been fabricated with ver/ precise dimensions 
and very precise spacings fi-om one another. For example, tens of thousands of such spring 
contact elements (120) are readily precisely fabncaied on a corresponding number of terminals 
on semiconductor devices that are resident on a semiconductor wafer (not shown). 

The resulting spring contact elements 120 are principally, preferably entirely, metallic, 
and may be formed (fabricated) as multilayer siructures. Suitable materials for ihe one or more 
layers of the contact structures are set forth in the P.AilENT CASE. A representative one of 
those materials is nickel (and its alloys). 

Thus, the PARENT CASE describes a method of fabricating spring contact elements 
(120) directly on a substrate (102) such as an electronic component, such as a semiconductor 
device which may be resident on a semiconductor wafer, by applying at least one layer of 
masking material (104, 106, 108) on a suriace of the substrate (102) and patterning the masking 
layer to have openings extending from areas (1 12) on the substrate to positions which are spaced 
above the sunace of the substrate and which also are laterally and/'or transversely offset from the 
areas 112); by optionally seeding (114) the openings; by depositing at least one layer of a 
conductive m.etallic material into the openings; and by removing the masking material so that 
the remaining conductive metallic material forms free-standing contact elements extending from 
the sunace of the substrate, each contact element having a base end which is secured to a one of 
the areas of Lhe substrate and having a tip end for making an electrical connection to a termmal 
of an electronic component. As will become evident from the description that foilows, the 
techrjques of the present mvention, in at least cenain respects, dramatically simplify the process 
of fabncating microelectronic contact structures. 
AN EXEMPLARY PROCESS OF THE PRESENT INVENTION 

The process described hereinabove with respect to Figures lA-lC utilizes three layers 
( 1 04, 1 06, 1 08) of masking material which must be patterned and applied upon one another, 
resulting m a multi-level trench into which the material 120 must be deposited. 

According ro the present mveniion, a com.parable microelectronic contact smictuic 
(heremar^Ler "contact sn-ucture") can be fabncaied with fewer layers of masking material (s.2. 
photoresis:). Figures 2A-2L illustrate an embodiment of the technique of the present invention. 

Figure 2A shows an exempiar\' cieciromc com.ponent 100 upon vvnich a "'oiahtv of 
:ontac: siracrures can be fabncated. In the mam hereinafter, the fabncaiion of a smctie contact 
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sirucpjre (260) will be described as exemplar.' of fabncanng a pluralirv' of such contact 
s:rjc:ures, preferably ail at the same time on the same component. Typical! v, each of the 
conlac: sirucrLires tabricated on a smgle component will be substajitialiy identical to one another 
(i.e., dimensions, shape, etc.), but it is wiihin the scope of thjs invention that the dimensions and 
shape of each contact structure can individually be controlled and determined by the designer 
for given application requirements. 

In this example, the electronic componenr 200 is a semiconductor device comprising a 
silicon substrate 202, a passivation layer (e.g., polyimide, 4 urn thick) 204 disposed on the 
surface of the silicon substrate 202, and a plurality (one of many shown) of openings 206 
extending through the passivation layer 204 to a metallic contact pad 208, Typicaiiy, there are a 
piurality of such contact pads on an elecn-onic component. In a complete assembly, each 
contact pad is commonly (i.e., according to the prior an) connected (e.g.. with a bond wire) to a 
corresponding contact pad on another electronic component (not shown), such as a thin small- 
outline package (TSOP). 

As shov\7i in Figure 2 A, in a first step of the process, a conductive layer 210 is 
deposited. The conductive layer 210 is, for example, titanium-tungsten (T:-'*V) which may be 
deposited by sputtering to a thickness of about 3000-6000 A (Angstroms), such as to a thickness 
of about 4500A. The conductive layer 210 substantially conformally and contiguously covers 
the surface of the passivation layer 204, the sidewalls of the opening 206 and the exposed 
(within the opening) surface of the metallic contact pad 208. The conductive layer 210 is 
preferably elecrrically conductive and, if deposited as a continuous "blanket" layer, will 
electrically shon together all of the contact pads (20S) of the eiecn-onic component. As will 
become evident from the description that follows, this shonmg feature of the conductive layer 
210 can advantageously be employed to establish an appropnate potential for an electrolytic 
process (e.g., electroplating) for fabricating contact stnicnires on the electronic component. 

It is within the scope of this invention that the conductive layer 210 can also be 
patterned, rather than continuous, and can be deposited as multiple, non-contiguous regions. In 
a preferred embodiment, the conductive layer 210 covers the exposed surface of terminal 208. In 
an alternative embodiment, the conductive layer 210 covers only a pordon of terminal 208. In 
another alternative embodiment, conductive layer 210 does not cover terminal 20S a: all but is 
:n the general area of lerminal 208 such that when seed layer 250 is applied, it mai:es contact 
with conductive layer 210. 

It is also uTLlnn the scope of the invention that a second conductive layer (^12. described 
herembeiow), of anotiier matenai (such as gold) can be deposited and panemed onto the 
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conductive layer 210 (see ihe cLnaiogous conducnve iayer 410, descnbed hereinbeiow in the 
descnption of Figure 4A). This can be used, for exairioie. to effect local interconnections and 
rerouting of signals from the contact pad 208 to the contact sirucuire (260). In general, a dual 
layer may be preferred for many applications. Selection of suitable materials is wathin the siciil 
in the art. 

It is within the scope of the invention that the contact pad (20S) is on or in (yet exposed) 
the surface of the substrate (202) itself, without there being a passivation layer ( 204), although a 
passivation layer is commonly present on semiconductor devices. Prior to depositing the 
conductive layer 210, the passivation layer 204 (if there is one present) may optionally first be 
"roughed up" to enhance adhesion of the conductive layer 210 to the passivation layer 204. 
This can simply be accomplished by exposing the electronic component 200 to an oxygen (0-) 
plasma with suitable parameters (that may be determined readily by one skilled in the art) to 
obtain a desired surface texture on the passivation layer. Choice of materials will also affect 
adhesion of the seed layer to the passivation iayer. Titanium- tungsten (Ti-W'^ or copper, for 
example, are known to adhere well to polyimide. 

As shown in Figure 2B, in a next step of the process, a iayer of masking material (e.g., 
photoresist) 220 is deposited onto the surface of the component 202 (i.e., onto the conductive 
layer 210) and is panemed (e.g., using conventional photolithographic techniques) to include an 
opening 222 extending completely through the masking layer 220. The opening 222 may be 
located either at a position which is over (as shown) the opening 206 in the passivation laver 
204, or may be located at a position (as described hereinbeiow) which is remote from the 
opening 206 and, consequently, remote from the contact pad 208. 

As descnbed in greater detail hereinbeiow, by locating the openings 222 at positions 
remote from the contact pads 208, a plurality of contact sniictures can be fabricated on the 
electronic component with a layout that differs from that of the contact pads of the electronic 
component. One paniculariy preferred configuration is to position openings 222 so that contact 
structures built thereon will have tips in an area array comparable to a ball grid array. The 
openings can be connected to contact pads on the electronic component arranged, for example, 
as peripheral pads. It may be advantageous to make the contact structures substantially identical 
without displacement from the contact pads. In this instance, it is useful to locate openings 222 
in an area array corresponding to the array of the tips of the ultimate contact structures. 

Each opening 222 preferably has a larger area than the area of opening 206 over the 
contact pad 20S. For example, a square contact pad 20S measunng -X mils x mils (i.e., ] Of'i um 
X ] 00 vim ) wouid have an exposed area of 10.000 um' . and a square opening 222 measunna 200 



wo 98/52224 



PCT/US98/09999 



urn X ZOO urn would have an area of 4aOOO_(four nmes the exposed area of :he contact pad 
208). A circuiar opening 222 having a diameter of 200 um would have an area of 31 .400 urn' 
(appro.ximateiy three times the exposed area of the contact pad 20S). In general, ir is preferred 
that the opemng exposes an area of the terminal and^or substrate of between about 10,000 and 
about 40,000 ]im\ most preferably in excess of about 30,000 urn'. Although not a key feanare 
of the invention, as a general proposition, the footprint (base end areai of the contact soucture 
should provide sufficient area for the mechanical secorement (adhesion) of the contact strucoire 
to the electronic component. 

Regarding the openings 222, it is preferred that they be tapered (as discussed in greater 
detail hereinbeiow, with respect to Figures 5D-5F), and that the dimensions at the bottom of a 
tapered opening be on the order of 200 um x 2QQ urn for a square opening, or 200 um diameter 
tor a circular opening. In applications that are space-consrrained, and these dimensions are not 
possible, the available space can be used. For example, when dealing with an electronic 
component having 100 um x 100 am pads on 125 um centers, the openings 222 can have 
dimensions on the order of 105 um x 105 um. 110 um x 1 10 um. or the like. Alternatively, in 
applications that are space-constrained, the bases of the contact strucnires can be remotely 
located (as described hereinbeiow) from the pads to which they are electrically connected and 
have larger (e.g.. 200 um ) preferred dimensions. The tapered (sloped) region of the opening 
222 is designated by the reference numeral 223 in Figure 2B. 

The masking layer 220 is preferably deposited to a thickness of at least about 50 um . 
including at least about 100 um . at least about 150 um . and at least about 200 um . The masking 
layer 220 can be deposited as multiple layers. It is the overall thickness of the masking layer 
220 that wiil detenmine primarily the distance that the main body portion of :he contact structure 
is spaced away from the surface of the electronic component. Note the offset distance "d2" of 
the main body ponion 266 from the base portion 262 of the spring contact element 260 shown 
in Figure 2L. Compare Figure 3A of the aforementioned P.ARENT CASE. 

Preferably, the sidewalls (edgewails) of the openings 222 are tapered so that the opening 
may be larger at the surface of the masking layer 220 than at the conductive layer 210, This is 
referred to as a "posirive" taper. No taper would result in steep sidewalls having an angle of 90° 
(ninety degress). Preferably, the sidewalls of the openings have an average taper angle of about 
^O-'^-l This may readiiy be accomplished using photoresist as the material for the masking 
layer 220, and baking the photoresist and re-flcwing it. One having ordinary skill in the an to 
which the present invention most nearly penains wiil readiiy uncersta.nd how to control the 

s-.dewall taper m light of :he description presented herein. It :5 wuhin tne scene of this invention 
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that the lapered opening can be formed in any suitabie manner and may, m fact, be stepped like 
an invened, stepped, truncated pyramid. Controlling the shape of the opening (222) in the 
masking layer (220) is discussed in greater detail hereinbelow. 

Figure 2C is a top pian view of the electronic component 200 of Figure 2B, showing 
two openings 222a and 222b in the masking layer 220, each opening associated with a one of 
two contact pads 2GSa and 208b (shown in dashed hnes), respectively. The tapered regions of 
the openings 222a and 222b are designated by the reference numerals 223a and 223b, 
respectively, in this figure. 

As shown in Figure 2D, in a next step of ihe process, for each of selected ones of the 
plurality of openings 222, a pronoiding feature 230 may be deposited onto the sunacc of the 
masking layer 220 with its center at a distance "L" from the a center of the opening 222. As 
will become evident, this feature 230 will define the contact (tip) end (264) of a resulting 
contact structure (260) being fabricated on the elecn-onic component, and the distance "L" 
represents the straight-line distance between the base (262) and tip (264) ends of the contact 
strucnire (260) being fabricated on the elccnronic component. The protruding feature 230 can be 
a "dot" or "dollop" of material, for example exhibiting a squashed hemispherical shape, and may 
be a small quantity of epoxy, photoresist, or the like which may suitably be applied through a 
stencil or by usmg conventional screen priming techniques. The protruding feature 230 may 
also be of a conductive material. Suitable dimensions for a protruding feature 230 in the form 
of a squashed hemispherical dot arc about 5>15 mils ( 125-375 am ) in diameter and about 2 mils 
( 50 um ) in height. It is within the scope of this invention that the protruding feature can be 
skinnier (e.g., less than about 5 mils wide), or that it can be wider (e.g., greater than about 1 5 
mils wide). Preferably, however, lor most applications, it is preferred that its height be in the 
range of about 2.0 - ".5 mils . 

As described in greater detail hereinbelow, other shapes for the protruding feature - more 
broadly, a variety of shapes for the resulting tip end (264) of the contact structure (260) being 
fabricated, including pvTamidal, conical or hemispherical, and truncated versions of pyramidal, 
ccnical or hemispherical, and crjciform, rings and the like, are within the scope of the present 
invention. 

One having ordinarv' skiil in the art to which the present invention most nearly pertains 
will readily understand how to apply and control the shape of the protrading features 230 in 
light of the descnpnon presented herein. For example, using photoresist and a stencil (net 
shown) to create the promiding features Z30. with the stencil in place. :he photoresist can be 
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soft-baked to release the protruding feature rrom the siencii then, after removing the siencii. 
hard-baked. 

The distance "L", between the base end (262) and tip end (264) of the resulting 
microeiecrroruc spring contact structure may be, for example, in the range of about from 1 0- 
lOQQ mils, preferably in the range of from 10-50 mils . 

As shown in Figure 2E, in a next step of the process, a siencil (shadow mask) 240 may 
be disposed over the surface of the masking layer 220. The siencii 240 has a pluraliry (one of 
many shown) of openings 242. As illustrated, an opening 242 extends from opening 222 to a 
corresponding protruding feature 230. The stencil 240 may suitably be a thin (e.g., about 2 mil 
thick) foil of stainless steel which may be punched or etched to have openings 242. Stencil 240 
can be of any suitable material having any suitable thickness which will permit a seed layer 250 
to be deposited onto the masking material 220 in a pattern of conductive traces corresponding to 
the shapes of the openings 242. 

With the stencil 240 in place on the surface of the masking layer 220, a "seed" layer 250 
is deposited, such as by sputtering, onto the exposed surfaces of the masking layer 220 and 
protruding feamres 230. The seed layer 250 is deposited within the exposed ponions of opening 
222 and onto the surface of the conductive layer 210 within opening 222. The seed layer 250 
has a sloped region 253 where it is deposited on the sloped region 223 of the opening 222 in the 
masking material 220. 

The seed layer 250 may be deposited as a pattern of a plurality of "traces ', each of which 
is a physical realization of the paaem of cpemngs 242 in the overKnng stencil 240. The seed 
layer 250, as patterned, serves as a preciu-sor for a contact structure to be fabricated on the 
electronic component. For example, in an electroplating process, the conductive traces of the 
seed layer 250 will each serve as an electroform whereupon the substance (mass) of the contact 
structure (260) can be fabricated. 

The selection of masking material 220 and process for deposiuon of seed layer 250 need 
to be considered together. The masking matenal needs to be stable in the environment of the 
deposition method. For example, a typical positive photoresist material contains some solvent 
and may ouigas under high vacuum conditions. It is preferable m this instance to modifv' the 
material, for example by baking or exposure to light in order to cross-link or othenvise rigidify 
the masking material. Polvimide is a useful masking material and will tolerate a sputtering 
envirorur.t^nt wuhout sigruficant de2T2daticn. Deposition also can be by means of chemical 
vspcr deposition fCVT)) or e-beam processes. These require less vacuum than does sputtering. 
For :hese. tradinonai Novoiac pnotoresist resins can be used, perhaps '.vuh some moderate cross- 
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linkine. .\nother consideration is that any modificanon lo the masKLing matenai :o make ir s:abie 
under vacuum may make it more difficuit to remove later m the process. A suitable matenai and 
process can be selected by one skilled m the an. One paniculariy preferred process is to u^e 
Novolac oriotoresist, patterned as descnbed above, then panially cross-linked by healing. 
Deposition of seed layer 250 is performed using CVD. 

Figure 2F illustrates the result of the steps described in Figure 2E in lop view, and 
shows rwo openings 242a and 242b in a stencil 240, each operung 242a and 242b extending 
from over an associated one of two contact pads 208a and 20Sb (shown in dashed lines) to a 
selected one of t^\•o protruding features 230a and 230b (shown in dashed lines), respectively. 

Figure 2F also illustrates two patterned traces 250a and 250b of the seed layer having 
been deposited through the openings 242a and 242b, respectively, in the stencil 240. The traces 
250a and 250b are illustrated with cross-hatching, for illustrative clarity, but ii should clearly be 
understood that this cross-hatching does not mdicate a cross-section in this figure. 

Each of the n-aces 250a and 250b illustrated in Figure 2F has a base end 252a and 252b. 
a up end 254a and 254b, and a central body ponion 256a and 256b, respectively, corresponding 
to the base ends (262), tip ends (264) and main body ponions (266), respectively, of contact 
structures (260) that will be built up onto the conductive traces 250a and 250b. The sloped 
regions 253a and 253b of the traces 250a and 250b, respectively, are illustrated in this figure. 

Figure 2G iliustrates a next step of the process, wherein the shadow mask 240 has been 
removed and a plurality (one of many shown) of contact structures 260 are built up, such as by 
plating (e.g., electroplating), as a mass of conductive material upon the pluralic^v' (one of many 
shown) of traces 230. Each contact strucnire 260 has a base end portion 262 (compare 302 of 
the P.\RENT CASE), a tip end ponion 264 (compare 304 of the PARENT C\5E), and a main 
body ponion 266 (compare 306 of the PARENT CASE) extending between the base end ponion 

262 and the tip end ponion 264. As iilusu-aied. the conuct structure 260 has a sloped region 

263 between its base end 262 and its main body ponion 266. the sloped region 263 being built 
on the sloped region 253 of the seed layer 250 whicii, in turn, is built on the sloped region 223 
of the opening 222 in the masking material 220. 

Figure 2H is a cross-sectional view of the eiecrronic component 200 of Figure 2H, 
taken on a line 2rI-2H, illustrating the proiVie ( transverse cress-section) of a contact strucnire 
1^260) made according to one preferred implementation of the invention. The profile is roughly 
semicircular or m.ushroom-shaped. This section, taken through the main body ponion 266 is 
rearcsentative of the proilie of ihe contact stracture throughout its entire length This srnicnire 
!S a resuit of elecn-opiaiing en an exposed seed layer that is acproximateiy planar 
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As best viewed :n Figure 2G (see also Figure 2M), ihe overall height "H" of the 
resulting contact structure 260, in other words the heigh: of its tip end 264 away from the 
surface of the substrate 202, is preferably at least about ^.Q mils , and may be about S O mils or 
greater. 

5 As best viewed in Figure 2H, the thickness "t" of the contact structure 260 itself - in 

other words, of the mass of conductive material on the trace 250 - is preferably at least about 0.5 
mils and may be about 1.5 mils or greater. 

As best viewed in Figure 2H, the width "w" of the contact structure 260 itself - in other 
words, of the mass of conducrive material on the trace 250 - is preferably at least about 0.5 mils 

10 and may be about 4.0 mils or greater. The width may be constant along the main body portion 
266, or the main body ponion may be tapered in width, for example, from wider near the base 
end 264 to narrower near the tip end 266 of the main body ponion 266. 

As mentioned hereinabove, the length "L", between the base end (262) and tip end (264) 
of the resulting microelectronic contact structure (260) is suitably at least about 10 mils and may 

15 be as long as about 50 mils or greater. 

The general requirements for the design of a spnng shape are generally known in the an. 
Details such as dimensions, bending moment, shape to allow flexibility in various dimensions, 
and the like can be selected by the designer and implemented according to the teachings of this 
mvennon. One paniculariy preferred shape approximates a circular section with a tapered inner 

2 0 and outer radius of curvature. Such a shape is illustrated in Figure 7. 

Figures 21 and 2 J are perspective views of two of many possfoie configurations for the 
contact structure 260 of Figure 2G, disassociated from the component 200, for illustrative 
clarity. These tlgures illustrate two imponant vanaiions that can be selected using this 
mvention. In Figure 21, the contact structure has a square base end 262. In Figure 2J, the 

2 5 contact strjcmrc has a round (circular) base end 262. In both of these figures, the funnel shape 
of the base end in the sloped region 263 is readily appreciated, said shape having been imparted 
to the base end by the sloping sidewalls (223) of the opening 222 in the masking layer 220. In 
Figiare 2J, the sloped region 263 of the base end 262 is completely covered (360''), and a small 
"lip" extends around the entire base end. This complete funnel shape is readily obtained using a 

2 0 stencil 4^0 that allows deposition of a seed layer along ail of the side v/ails ar^d a ponion of the 
surface of masking layer 420. Such a stencil is liluscratcd in Figure 4E. and the rcsultins 
sn-jcrure is iliustrnted in Figure 4G. Figure 21 shows the result of depositing a seed layer on oniv 
a pcnion of :he sidewalls of opening 222. This is readily obtained using a stencil that covers a 
ponion of opening 222, as lilusn-ated in Figure 2E. More or less of the sidewails can be covered 
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accoramg lo the mask and deposition conditions selected. This may mclude only a portion of 
one sidewail, an entire sidevvall as illustrated in Figure 21, ponions of more than one sidewail (a 
preferred embodiment), or ail of the sidewail area as illustrated m Figure 2J, fomiing a complete 
furmel (a paniculariy preferred embodiment). The resulting structure after plating is illustrated 
in cross section in Figure 2G. Ifthe base is square, a perspective view of Figure 2G could 
resemble the view shown m Figure 21. 

For convemence of illustration, top plan views 2F and 2K show complete funnel 
embodiments, altemanve to the panial funnel embodiments of detailed cross sections of Figures 
2E, 2G and 2L. One skilled in the art will recognize that Figures 2F and 2K can be modined 
slightly to correspond to the specific embodiments of Figures 2E, 20 and 2L. A resulting 
structure would resemble a partial funnel, as shown in Figure 21, with a circular base, as shown 
in Figure 2J. 

Figure 2K is a top plan view of the electronic component 200 of Figure 2G illustrating 
pA'o of a plurality of contact structures 260a and 260b, each contact structure 260a and 260b 
associated with a one of wo contact pads 208a and 208b (shown in dashed lines). The contact 
stnicnires 260a and 260b each have a base end 262a and 262b, a lip end 264a and 264b and a 
central body ponion 266a and 266b, respectively. The sloped regions 263a and 263b of the 
contact strucuires 260a and 260b, respectively, are illustrated in this figure. 

As is evident in Figure 2K, Lhe resulting contact structures are suitably tapered 
(widthwise) from wider at their base ends 262a and 262b to narrower at their tip ends 264a and 
264b. respectively, in a manner comparable to the tapered contact structures shown and 
described in the aforementioned PARENT CASE. The contact structures 260a and 260b are 
illustrated with double cross-hatching, for illustrative clarity, but it should clearly be understood 
that this double cross-hatching does not indicate a cross-section in this figure. 

.*\s is evident from the illustration of Figure 2G, the base end portion 262, hence the 
entire contact structure 260, is eiectricaJly connected to an associated one of the contact pads 
20S of the electronic component via the seed layer 250 and the conductive layer 210. As is also 
evident, from the description set forth hereinabove, a group of the contact pads 208 of the 
electronic component may be shoned to one another by the conductive layer 210 to facilitate 
building up the contact suaicrures 260 by an electroplating process. 

In final processing steps of the process, the masking layer 220 can be removed, such as 
by washing it away wMth a suitable solvent. For example, a masking layer 220 of photoresist can 
£c:ective:y be washed away with acetone, without adversely affectms anv of the odier elemcnis 
dcscnbed hereinabove. .\nd finally, aii ponions of the conductive layer 2!0 that arc not covered 
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by another inatenal (i.e., by ihe sesd layer 250) can selectively be etched away u5:ine appropnaie 
c hem IS try. 

Figures 2L and 2M illustrate, m cross-section and perspective views, respectively, Lhe 
final product of a free-standing contact structure 260 attached at its base end 262 to an electroruc 
component, its main body portion 266 positioned away the surface of the elecironic component 
202, and its tip end ponion 264 having a topography extending even farther n-om the level of the 
main body ponion 266. The sloped region 263 of the base end 262 of the resulting contact 
strucnirc 260 is clearly visible in these figures, as well as in Figures 2N and 20, described 
hereinbelow. 

In essence, for each contact sn-ucture 260, an elongate mass of conductive material is 
deposited onto the masking material so as to have a base end 262, a tip end 264 opposite the 
base end 262, and a main body portion 266 berween the base end 262 and the tip end 264, 
wherein the main body ponion 266 is in a plane which is preferably approximately parallel to 
the surface of the substrate 202 and which is ofi'set (in the z-axis) from the base end 262. The tip 
end 264, as a result of the protruding feature 230, is further offset from the mam body ponion 
266. When the masking material 220 is removed, the resulting contact structure 260 is free- 
standing, secured by its base end 262 to the substrate 202, with its tip end 264 free to make 
contact with a terminal (e.g., 270 or 280) of another electronic component (e.g., 272 or 282, 
respectively, described hereinbelow). 
MATERIALS ANT) PROCESSES 

In a manner comparable to that of the PARENT CASE, Lhe contact strjcnires of the 
present invention are principally, preferably entirely, metallic, and may be formed (fabricated) 
as multilayer stmctures. Suitable matenals for the one or more layers of the mass of conductive 
matenal for the contact structures include but are not limited to: 

nickel, and its alloys; 

copper, cobalt, iron, and their alloys; 

gold (especially hard gold) and silver, both of which exhibit excellent current-carrying 
capabilities and good contact resistivity characteristics; 
elements of the platinum group; 
noble metals; 

semi-nobic meiais and Lheir alloys, panicuiariy elements of ihe pai-adium group and 
their alloys; and 

tungsten, molybdenum and other refractory metais and the'.r alleys. L'se of nickel and 
nickel ailovs is Daniculariv Dreferred. 
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In cases where a soider-like nnisn is desired, tin, lead, bisrnaih, indium and their aiicys 
can also be used. 

Suitable processes for depositing the matenal for the conductive layer 210, the seed layer 
250, and contact structure 260 include, but are not limited to: vanous processes involving 
deposuion of matenals out of aqueous solutions; electrolytic plating; elecn-oiess piating; 
chemical vapor deposuion (CVD); physical vapor deposition (PVD); processes causing the 
deposuion of materials through induced disintegration of liquid or solid precursors; and the like, 
all of these techniques for depositing materials being generally well known. 

Suitable materials for the conductive layer 210 include titanium -tungsten (Ti-WQ which 
may be deposited by spuuering to a thickness of 3000-6QOQ A , such as to a thickness of ^500A . 
.\n optional but preferred addition to the conductive layer 210 is a layer of gold, which may be 
deposited to a thickness of 250Q-4500 A thick, for example 3500 A thick. The purpose of the 
conductive layer 210 is principally to provide an electrical connection to the conductive trace(5) 
250 for the purpose of utilizing an electroplating process to build up a mass of conductive 
material which will become the resulting contact structure (260) on the seed layer. However, it 
is within the scope of this invention that the conductive layer 210 is omitted. Another process 
such as eiectroless plating may be employed for building up the mass of conductive material 
that will become the resulting contact structure. 

The seed layer 250 can be, for example, gold (Au) which may be deposited by spuuering 
to a thickness of about 2500-'^000A . In another preferred embodiment, the seed layer is copper 
(Cu) which may be deposited by sputtering to a thickness of about 1000- 3000 A . Altemaiiveiy, 
the seed layer 250 may another suitable material upon which the mass of the resulting contact 
structure (260) can be built up. 

Suitable matenals for the masking material (220, 320, 420) include a variety of 
lithographic photoresists, Novolac resin, and polyimide. 
CONTPLIANCE AND RESILIENCE 

Figure 2N illustrates a case wherein it is desired to make a pressure contact connection 
betAveen a tip end 264 of a contact structure 260 and a contact pad 270 of another electronic 
component 272 such as a pnnied circuit board (PCB). In this case, the contact structure 260 
should react resiliently (i.e., eiasticaily, rauher than plastically) in the "z-axis" which is normal 
(at ninety degrees) to the surface of the substrate 202. Such would be the case, for example, 
wherein it is desired to m.ake socketable, readily removable, connections ber.veen the substrate 
202 and the eiectromc comoonent 2"2. 
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Figure 20 illustrates a case wherein it is desired to more permanenily jc in, such as wiih 
solder 2S4, the up end 264 of comae: sirucmre 260 to a contact pad 2S0 (comoare 270) or" 
another elecrromc component 2S2 (compare 272) such as a printed circuit board {PC3). In this 
case, the comae: structures 260 should react compliantly in the "x-axis" and^or "y-axis", both of 
which are parallel lo the surface of the subsu-aie 202. Such would be the case wherem it is 
desu-ed to accommodate differences in thermal expansion coefficients between two clectromc 
components. 

It is within the scope of this invention that the contact structure (260) reacts to applied 
forces by resiiiently and/'or compliantly deflecting in any or all of the x-, y- ana z-axes. 

Such a resilient contact strucmre can be enhanced by adding additional components. 
Copending, commonly assigned United States Patent Application S.N. 08/819,464, entitled 
'^Contact Tip Structures for Microelectronic Interconnection Elements and Methods of Making 
Same^ and corresponding PCT application S.N. P €1.0:597/08606, published November 20, 
1997 as W097/43653, describes a method for defining a tip structure on a sacrificial substrate 
and transferring that structure to an cicctronic component. This tip smicture can be transfenred 
using the techniques described in that application to the structure of Figure 2L. 
ANOTHER EXEXfPLARY C ONTACT 5^TRUCTIjRE 

A useful feature of the contact structure (260) of the present invention is thai the tip end 
264 is offset from the main body portion 266. This offset is a result of the presence of the 
protruding feature 230. Note the offset distance "dl" of the tip end portion 264 from the main 
body portion 266 of the spring contact element 260 shown in Figure 2L. Comoare Figure 3 A 
of the aforementioned P.ARENT CASE. 

In certain applications, however, it is contemplated that such an offset of the tip portion 
from the main body portion of a contact strucmre would not be required. 

According to an embodiment of the invention, a contact structure may have a main body 
portion that extends to a tip end of the contact structure without the tip end being offset from the 
main body portion. For example, the tip end can be generally coplanar with the main body 
ponicn. The process of fabricating such a contact simcmrc would proceed largely in the m.anner 
described hereinabove, with respect to Figures 2A-2L, with the following vanaiions. 

Figure 3A (compare Figure 2D) illustrates a masking layer 320 (compare 220) having 
an openins 322 (compare 222) applied over a conductive layer 310 (compare 210) on a substrate 
(compare 202) having a contact pad 308 (compare 208) exposed tlirough an opening 306 
(compare 206) in a passivation layer 304 (compare 204). As distinguished frcm Figure 2D, a 
prorrudins fearurc (230) is not provided. In a manner similar to that descnbed hereinabove w-ih 
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resDCCt lo Figure 2B. the tapered region of ihc opening 322 is designsied by ihe reference 

numeral 325 in this I'lgure. 

Figure 3B fcompare Figure 2E also illustrates a stenc-.i (shadow mask) 3^0 (compare 
240) disposed over the marking layer 320. the stencil 340 having an opening 342 (compare 242) 
through which a seed layer 350 (compare 250) is deposited onto the masking layer 320, 
including into the openings 310 and 306 and onto the contact pad 308. Since a procmdmg 
feature (230) is not provided in this embodiment, u can be observed that the seed layer 350 does 
not "bump up" towards what will be the tip end portion of the resulting contact stmcrure, but 
rather is essentially in line (coplanar) with what will be the mam body ponion of the resulting 
contact strucnire. The seed layer 350 has a sloped region 353 where it is deposited on the 
sloped region 323 of the opening 322 in the masiang material 320. 

Further processing steps would proceed as described with respect to the previous 
embodiment, including depositmg the material that will form the contact smicture 360. 
removing the masking layer 320, and removing exposed (not covered) portions of the 
conductive layer 3 1 0. Figure 3C (compare Figure 2K) illustrates the contact stniciure 360 
(compare 260) resulting uom such a process, after the aforementioned plating, washing off 
masking layer 320 and selectively etching away ponions of the conductive layer 310 have 
occurred. The resulting contact structure 360 has a base end 362 (compare 262) a tip end 364 
^compare 264) and a main body portion 366 (compare 266). As iilusarated. the contact siracture 
360 has a sloped region 363 bet^veen its base end 362 and its main body portion 366. The 
sloped region 363 is on the sloped region 353 of the seed layer 350 which, m mm, is on the 
sloped region 323 of the opening 322 in the masking material 320. 

This strucmre can be further processed by adding additional components to form a more 
complex stiticmre. Copending, commonly assigned United States Patent Application S.N. 
08/819,464, entitled "Contact Tip Structures for Microelectronic Interconnection Elements and 
Methods of Making Same", and corresponding PCT application S.N. PCT,^'S97/08606, 
published November 20, 1997 as W097/43653, describes a method for defming a tip structure 
on a sacrificial substrate and transfennng that structure to an elcctromc component. This tip 
strticnire can be transferred using the techniques described in that application to the srrucrjre of 
FiPJre 3C. 

.Another useful enhancement to this structure is to include a spacer element so that the 
added tip element protrudes further away from main body ponion 366. Copending, commonly 
assigned United Slates Patent Application OS/ <not yet a£signed>, filed Januan' 29. 1998. 
er.titiea "MICROELECTROMC CONTACT STRUCTLTIES, .ANT) METHODS OF NLaJCIN-Q 
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S.\ME'' describes makjng a pcsi sirucuire, making a tip sinicniie, joining the nvo together and 
:o a supponing sirucoire. This would work weil with the resiiient contact strucrure of Figure 3C, 
providing a resilient contact strucrure wiili a precisely defined tip strucnire. In one preferred 
embodiment, a tip-post combination prepared as described in the copending application is 
brazed to the lip ponion of main body ponion 366 and the tip-post combination is released as 
descnbed in the copending apphcation. Refemng to Figure 3D, tip ponion 364 is secured by 
brazing material 5S1 to post 382, which is secured by brazing material 383 to tip body 384. Tip 
body 384 is illustrated with a preferred tip point 385, but this fcamrc is optional. 
REMOTELY LOCATING THE CONTACT STRUCTTJRES 

There has been described, hereinabove, a technique for fabricating contact structures 
(260) having their base ends (262) generally directly on the locations of contact pads (208) of an 
electronic component such as a semiconductor device. In certain applications for the electronic 
component, it is desirable to locate a contact structure, panicularly its base end, remotely from 
the contact pad to which it is connected. In this manner, the tip end (264) of the contact 
structure (260) can have a different layout (pattern, pitch, etc.) than the contact pads to which 
they are connected. 

The aforementioned U.S. Patent Application No. 08/955,001 discloses fabricating a 
spring contact element at an area on an electronic component which is remote from a terminal 
(contact pad) with which it is associated (to which it is electrically connected). Generally, the 
spring contact element may be mounted to a conductive line that extends from a terminal 
(contact pad) of the electronic component to a position rem.ote from the terminals. In this 
manner, a plurality' of substantially identical spring contact elements can be mounted to the 
electronic component so that their free (distal) ends are disposed in a pattern and at positions 
which are not dependent on the pattern of the terminals on the electronic component. In a 
panicularly useful embodiment, the free ends of the spring contact terminals may be spatially 
translated from the terminals to which they are electrically connected. 

The concept of locating spring contact elements remotely from the terminals of the 
elecnonic comDonent can be incorporated into the techniquei's) of the present invention so thai 
the microelccironic contact snnjcrures of the present invention can be fabncated at positions 
remote from the terminals with which they are associated (electncally connected). 

Figure 4A is comparabie to Figure 2A, and illustrates an exempiary electronic 
comroncnt ^00 (compare 200) upon which a plurality of contact srrucaires can be fabncated. 
The fabncat:cn of a single contact s'jucture (-60. compare I6G) wfil be descnbed a5 exemplary 
of fabncatins a plurality of such contact strjcrures. preferably ail at the same time on the same 
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componer.i. Tv-pically, each of the contac: srrucluies fabncatea on a smgie component will be 
sabstannaJly idenlicai to one another (i.e.. dimensions, shape, etc.), but u is within the scope or" 
this invention ihat the dimensions and shape of each contact structure can individuaily be 
controlled and determined by the designer for given application requirements. 

As in the previousiy-described example, in this example, the electronic component 400 
is a semiconductor device comprising a silicon substrate 402 (compare 202), a passivation layer 
404 (compare 204) disposed on the surface of the silicon substrate 402, and an opening 406 
(compare 206) extending through the passivation layer 404 to a metallic contact pad 408 
(compare 208). 

As in the previousiy-described example, as shown in Figure 4A (comparable to Figure 
2 A), in a first step of the process, a conductive layer 410 (compare 210) is deposited, such as a 
conformal, contiguous layer of titanium-tungsten (Ti-W) deposited by sputtering to a thickness 
of about 4500 A and covering the surface of the passivation layer 404, the sidewalls of the 
opening 406 and the exposed (within the opening) surface of the metallic contact pad 408. 

In contrast to the previously-described example, in this example, a second conductive 
layer 412 can be deposited onto the conductive layer 410 and patterned to cover an area 
extending from a position on the contact pad 408 to a posiuon 422 which is remote from the 
contact pad 408. Depositing and patterning the second conductive layer 412 is done ^Aith 
conventional semiconductor processing techniques mcluding, but not limited to: 

(a) the second conductive layer 412 is deposited as a blanket layer, and subsequently ' 
patterned (e.g. using conventional photolithographic techrjques); 

(b) the second conductive layer 412 is deposited as a patterned layer, using, for examoie, 
a stencil such as siencii 240 described above; or 

(c) the second conductive layer 412 is deposited as a blanket layer, covering all, or 
perhaps a region ot', the conductive layer 410. This second conductive layer 412 can be 
patterned in a subsequent step, for example using techniques described in the aforementioned 
U.S. Patent Application No. 08/955,001. 

The second conductive layer 412 preferably is a 2500-'^50Q A thick, for example 3500 k 
thick, layer of gold (Au). The design of and specific dimensions for second conductive laver 412 
may correspond generally to a conventional trace and suitable dimensions can be selected 
readily by one skilled :n the art. 

Various techniques for providing a patterned second conductive layer 412 are discussed 
:n the aibremcntioned U.S. Patent Application No 08/955,001, incorporated bv reference 
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As shov^Ti in Figure 4B (comparable to Figure 2B), in a next step of the process, a layer 
of masking materiai (e.g., photoresist) 420 is deposited onto the surface of the silicon substrate 
402 (i.e., onto the ccnducnve layer 410 and onto the second conductive layer 412) and is 
patterned (e.g., using conventional photolithogniphic techniques) to include an opening 422 
s (compare 222) extending completely through the masicing layer 420. In this example, the 
opening 422 is located at a position which is remote from the opening 406 and. consequently, 
remote from the contact pad 408, rather than being over (as described with respect to the 
previous example) the opening 406 in the passivation layer 404. By locating a plurality of such 
openings 422 at positions which are remote from the contact pads 408, a plurality of 
:o substantially identical contact structures (460) can be fabncaied on the electronic component 
with a layout that differs from that of the contact pads of the electronic component. 

As in the previously-descnbed example, in this example, each opening 422 preferably 
has a larger area than the area of opening 406 over the contact pad 408. For example, the 
opening 422 may have an area of 40.000 um' (four times the exposed area of the contact pad 
15 408). Again, although not a key feanire of the invention, as a general proposition, the footprint 
(base end area) of the contact stmcnire, should be sufficiently large (given spacing constraints) 
for mechanical securement (adhesion) of the contact structure to the eiectromc component. 

As in the previously-described example, in this example the masking layer 420 is 
preferably deposited to a thickness of at least about 50 um, including at least about 1 GO um. . at 
2 0 least about 1 50 um , and at least about 200 um . As in the previously-described examiple, in this 
example the sidewalls (edgewalls) of the openings 422 are preferably posuiveiy tapered. In a 
marmer similar to that described hereinabove with respect to Figure 2B, the tapered region of 
the opemng 422 is designated by the reference numeral 423 in this figure- 
Figure AC (comparable to Figure 2C) is a top plan view of the electronic component 

2 5 400 of Figure 4B, showing the opening 422 in the masking layer 420, and an associated contact 

pad 408 (shown in dashed lines). In this view, the patterned portion of the second conductive 
layer 412 is also shown in dashed lines, extending from the contact pad 40S to within the 
opening 422. In a manner similar to that described hereinabove with respect to Figure 2C, the 
tapered region of the operung 422 is designated by the reference numeral 423 in this figure. 

3 0 In a manner comparable to that of the previously-described example, in this example, as 

shown in Figure 4D (comparable to Figure 2D), in a next step of the process, a protruding 
feature -i30 may be deposited onto the surface of the masking layer 420 at a distance " L* " 
(comparable to the distance " L '*) from the opening 422. As in the previously described 
example, in this example the t^eature 430 defines the basic geomerrv' of a contact itip) end (46-i) 
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of a resuitine contact sirucnjire (460) being fabncated on the electronic component -^00, As in 
the previously described example, in this illustrative example, the protruding ilearure 430 is a 
"dot" or "dollop" of material such as epoxy, photoresist, or the like. 

As in the previously-described example, in this example, as shown in Figure 4E, in a 
next step of the process, a stencil (shadow mask) 440 (compare 240) is disposed over the surface 
of the masking layer 420 and has an opening 442 (compare 242). With the stencil 440 in place 
on the surface of the masking layer 420. a "seed" layer 450 (e.g., of gold) is deposited (e.g., by 
sputtering) onto the exposed (through the openings 442) surfaces of the masking layer 420 and 
protruding feature 430, including extending down into the opening 422 in the masking layer 420 
and onto the exposed surface of the second conductive layer 412. The patterned portion seed 
layer 450 can be considered a "trace" which serves as a base for defming a contact structure 460 
to be fabncated on the electronic component 400. The seed layer 450 has a sloped region 453 
where n is deposited on the sloped region 423 of the opening 422 in the masking material 420. 

Figure 4F (comparable to Figure 2F) is a top plan view of the eiectromc component 
400 of Figure 4E, showing the opening 442 in the stencil 440, the opening 442 extending from 
a position (the opening 422) which is remote from the contact pads 408 (shown in dashed lines) 
to the protruding feature 430 (shown in dashed lines). 

Figure 4F also illustrates a pauemed trace of the seed layer 450 having been deposited 
liirough the opening 442 in the stencil 440. The trace is illustrated with cross-hatchmg, for 
illustrative clanry, but it should clearly be understood that this cross-hatching does not indicate 
a cross-section in this fie^jre. The trace has a base end 452, a tip end 454, and a central body 
ponion 456. 

Figure 4G (comparable to Figure 2G) illustrates the result after a next step of the 
process, wherem a contact structure 460 (compare 260) is built up upon the conductive trace of 
seed layer 450. The contact structure 460 has a base end portion 462 (compare 262), a tip end 
ponion 464 (compare 264) and a main body portion 466 (compare 266) extendmg between the 
base end portion 462 and the tip end ponion 464. As illustrated, the contact structure 460 has a 
sloped region 463 between its base end 462 and its main body portion 466, the sloped region 
463 built on the sloped region 453 of the seed layer 450 which, in rum, is on the sloped region 
-i23 of the opening 422 in the masking material 420. A cross-sectionai mcw of uhe contact 
srracture 460. taken through the mam boay ponion ^66, would look comparable to the cross- 
secMonal view of :he contact structure 260 shown in Figure 21. 

in most respects, the contact stnicuire 460 can be identical to the contac: snnjcrure 260. 
with the notable exception that its base end 462 is remotely located rrom the ccntac: pad 408 
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with which it is associated. In other words, the contact structure ^60 can have the same range 
and vnnery of geometnes, dimensions and matenais as the contac: strucoirc 260. 

As in the previously-descnbed example (compare Figure 2K), in the fmal processmg 
steps of the process m this example, the masking layer 420 can be removed, such as by washing 
5 :[ away with a suitable solvent, without adversely affecting any of the other elements described 
heremabove. Aj\d finally, all portions of the conductive layer 210 which are not covered by 
another material (in this example, by the second conductive layer 412) can selectively be etched 
away using appropriate chemistry, resulting in a fmal product of a free-standing contact 
structure 460 attached at its base end 462 to an eiecrronic component 400 at a location which is 

10 remote from the contact pad 408 to which it is electrically connected, its main body ponion 466 
being positioned away from the surface of the electronic component 400, and its tip end ponion 
-^64 having a topography positioned fanher away from the level of the main body ponion 466. 

As in the previousiy-described example, the contact structure of this example can be 
fabricated without nrst disposing the dot 430 on the masking layer, resulting in a contact 

15 structure (compare 360) in which the tip end is in line with the main body portion. Again, 

however, the base end of such a contact structure would be remotely located from the contact 
pad to which it is electrically cormected by the second conductive layer 412. 

It is within the scope of this invention that any combination of the various contact 
structures (e.g., 260, 360, 460) described hereinabove can be moimted to a single eiecrronic 

2 0 component. 

ROUTING AND SPACE TRANSLATION 

With regard to the remotely located contact structures (460), various and complex 
rounng schemes can be implemented in the manner contemplated by the aforementioned U.S. 
Patent Application No. 08/955,001. 

2 5 In other words, a technique has been described for fabricating microelectronic contact 

structures on an electronic component that provides "space translation" from the contact pads 
(termmals) of the eiecrronic component to which the contact structures are mounted. .As used 
herein, the term "space translation" means that the tip (distal) ends of the contact structures are 
disposed at a different spacing (pitch) and'or orientation than the terminals of the electronic 

: 0 component to which they are elecihcaily connected. 

In this manner, a plurality of contact structures can be mounted to an electronic 
component and electrically connected to a corresponding plurality of terminals on the electronic 
component in a manner that the layout and/or pitch of the contact srrucr^res is different than that 
of the component terminals. For example, the component term^mals may be disposed at a rlrst 

2S 
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pitch in a penpherai pattern and the tip ends of the contact structures may be disposed in an area 

array at a second pilch, or vicc-versa. 

Preferably, for a pluraiity of contact structures on an electronic component, each of the 

contact structures are fabricated to be substantially similar (such as identical) to one another. 
= One advantage of using similar structures is that the mechanical and resilient properties of the 

structures can be similar. Space translation can be effected by process steps that have minimal 

impact on the fabrication of the contact structures. 

The conductive traces of second conductive layer 412 which effect the space translation 

can extend in a straight line (linearly) along the surface of the electronic component to the base 
0 end of the contac: structures to effect "simple" space translation such as fan-out (or fan-in). Or, 

the conductive traces which effect the space translation can be routed along the surface of the 

eiecn-onic component including, if desired, crossing over one another to effect more complex 

space-translation schemes. 

A benefit of the present invention is that the contact layout of an existing electronic 
5 component can be modified, after the electromc component has ah'eady been completely 

manufactured. For example, a completed (finished) semiconductor device has a number of bond 

pad terminals accessible on a surface thereof through openings in a passivation layer. If a 

plurality of identical contact structures were mounted to or fabricated upon those terminals, the 

tip ends of the contact structures "mirror" the layout of the bond pads. Tne present invention 
c essentially "relocates" the terminals (at least a ponicn thereoO so that the tip ends of the contact 

structures can have a completely different layout than the bond pads of the semiconductor 

device. 

TAPERING THE KOLEi IN THE MASKING LAYER 

As discussed hereinabove, it is preferred that the hole (222, 322, 422) in the masking 
E layer (220, 320, 420) be tapered. Openings that are tapered can be implemented in a number of 
ways. 

Figures 5 A and 5B illustrate a pnor art technique for creating an opemng 502 thj-ough a 
layer of masking material 504 on a substrate 506. The masking layer 504 may be a 
photosensitive m*aterial, such as photoresist. A photolithography mask 5 OS is disposed over the 
c m.asking layer 504. Tne mask 508 is transparent to (transmissive cl) light from a preferably 
actinic light source 510. The mask 508 has a pattern of opaque material 512 Ce.g.. iron oxide or 
chirome) on a s^orface thereof 

T^-pically. the mask 508 is placed as close as possible to the masking maienal 504 :n 
what may be analogized to "contact pnnimg" :n the photographic industry. 



w o 98/52224 



?CT/i;S9S/09999 



In an area 514 where there is no opaque matenai 5 12 on the surface of the mask 508, 
lieht from the source 510 can pass through the mask 508 onto the masking maieriai 504. In the 
areas where there is opaque material 512 on the sunace of the mask 508. Hght from the source 
5 iO carmot pass through the mask 508 onto the maskmg material 504. In this manner, "non- 
exposed" areas 522 of the masking material 504 under the opaque material 5 12 are shielded 
from Hght, and an "exposed" area 524 of the masking material 504 under the non-opaque area 
5 14 of the mask 508 where there is no opaque material 512 will be exposed to light. Generally, 
the area 524 of the masking material 504 which is exposed to light passing through the mask 
508 becomes "developed", and the areas 522 shielded from light passing through the mask 508 
are not "developed". This exemplifies a "positive" photoresist, since the remaming masking 
material replicates the pattern of opaque material on the mask. Depending on whether the 
masking material 504 is "positive" or "negative", at the completion cf exposure to light, either 
the areas 522 or the area 524 can selectively be washed away (removed) with a suitable solvent, 
such as acetone. 

As best viewed in Figure 5B, the developed area 524 of the masking matenai 504 is 
v/ashed away at the completion cf exposure to light. 

Figure 5C illustrates an alternate prior an technique for creatmg an openmg (502) 
through a layer of masking material 504' (compare 504) on a substrate 506. A photolithography 
mask 50S is disposed over the masking layer 504, and has a pauem of opaque matenai 5 1 4' 
(compare 512) on a surface thereof In this example, the opaque matenai 51 4' is over area 524' 
of the masking matenai 504' whereat it is desired to create the opening ( 502). Remaining areas 
512' (compare 5 M) of the mask 508 are not covered by opaque matenai so that light from the 
source 510 can pass through these areas onto underlying areas 522' of the masking material 504'. 
In this example, the areas 522' are exposed to light and become "developed", and the area 524' 
is not exposed to light. The area 524' can thus be washed away at the completion of exposure 
to light, resultmg in the desired opening (502) in the layer of masking material 504'. This 
exempiitles a "negative" photoresist, since the remaining masking material is the antithesis of 
the pattern of opaque matenai on the mask. 

As is known, for a given masking material (including "positive" and "negative" 
photoresist materials) there is an optimal exposure intensity and time to ensure that certain areas 
(e.g., 524) of the masking materiaj (50*^) become fully developed. As best viewed in Figure 
5B, such techniques can lead to ver\' steep sidewails in the resulting openings 502 created in Lhc 
masking maieriai 50*^. In most existing appiicaiions. steep s*de%vali openings are considered to 
be highlv desirable. 
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As mentioned above, preferably, the sidewalls (edgewails) of the openmgs (222, 322, 
422) in the masking layer( s) of the present invention are tapered, and have a "positive" taper 
such as in the range of 60-75'' . The possibility of using photoresist for the material of the 
masidng layer (220, 320, 420) and, stanmg with an opening having a steep sidewail (see, e.g.. 
Figure 5B), then gently reflowing the photoresist to taper the sidewail was discussed 
hereinabove. 

According lo an aspect of the invention, tapered sidewalls in an opening in a masking 
material can be achieved, for example, by: 

(a) gently reflowing the masking material to taper the sidewalls of openings; or 

(b) controlling the exposure intensity and/or time; or 

( c ) during exposure, varying the distance of the mask from the masking layer (essentially 
"de-focusmg" the mask during exposure); or 

(d) exposing the masking layer avo or more times, once with a mask having a small 
transparent area (e.g., 514) and separately with a mask having a larger transparent area 
(essentially resulting in a stepped opening). A stepped masking layer may opnonaily be 
retlowed to smooth out the step(s); or 

(e) creanng overlying openings in each of multiple masking layers, each successively 
larger (or smaller) than the opening in the previous masking layer, again resulting in a stepped 
masking layer. This may optionally be reflowed to smooth out the one or mere step(s), or. 

(0 combinations of the above (a-e). 

The descriptions (a)-(e) that follow expand upon the examples (a)-(e), respectively, set 
fonh hereinabove. 

(2) tapering bv reflowing 

As illustrated in Figure 5D, commencing with a traditional opening 532 in a layer of 
masking material 534 on a substrate 536, the opening 532 exhibiting steep sidewalls (compare 
Figure 5B), in post- finishing steps the masking material 534 can be heated in a controlled 
manner and/or immersed in a dilute solvent. This can "soften" the angle of the steep sidewalls 
of the opening, resulting in an opening 538 (compare 222, 322. 422) which curves (tapers) 
gently ( e.g. sinusoidal, as shown) fiom its base (at the surface of the substrate 536) to the top (as 
viewed) surface of the masking material 534. It is evident, however, that the area of the base of 
the openmg will have diminished. Thereibre. Lhe initial opening m the masking material £hou!d 
be oversized accordingly, so that the final "re-rlowed" dimension of the base of the opening has 
the desired dim.ensions (e.g., 200 \im diameter). This fig^arc shcvvs that :hc coening 53 S :n the 
masking matenal 534 has a tapered region 539 (compare 223, 323, 423). 
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(b) tapering bv controiling exposure 

Figure 5E iilustraies a technique for creating an opening with a :apered sidewall through 
a layer of masiang material 544 (compare 534) on a substrate 546 (compare 536) by usmg the 
exemplary technique described with respect to Figure 5A, and controlling the dose (exposure 
and duration) of light passing through the transparent area 514 of the mask 508. Generally, 
ponions of the masking material 544 closest to its surface (top, as viewed) will develop more 
quickly than portions of the masking material 544 which are "deeper" in the layer. The fastest 
developing portion of the masking material 544 will thus be the top (as viewed) siirl^ace of the 
masking material 544 which is closest to the mask 508. Conversely, the slowest developing 
portion of the masking material 544 will thus be that portion which is immediately adjacent the 
substrate 546. 

By limiting the exposure to a fraction, such as half, of the exposure otherwise required to 
fully develop the entire area of the masking material 544 immediately underneath the 
transparent area 514 of the mask 508, the development of the maskmg matenai 544 will be 
uneven from its top surface (closest to the mask) to its bottom surface (farthest from the mask, 
closest to the subsrrate). 

In Figure 5E, which represents an intenm product, portions 54Sa of the masking 
material 544 which are developed are indicated by wavy-line cross-hatching and. as mentioned 
above, can be washed away to provide the desired opening. The opening would have the same 
profile as the developed portion of the masking material. Portions 54Sb of the masking material 
544 which are not developed are indicated by no cross-hatching and, after washing away the 
developed portion, will define the sidewalls (shown as dashed lines) of the resulting opening. 
As in the previous example (a), since the sidewails of the opening will taper from larger at the 
surface of the masking material to smaller at the surface of the substrate, the initial opening in 
the masking material should be oversized accordingly, so that the final dimension of the base of 
the opening has the desired dimensions (e.g., 200 um diameter). This figure shows that that 
portion 548a of the masking material 5*14 that will become an opening has a tapered region 549 
(comxpare 223, 323, 423). 

As mentioned hereinabove (f), one or more of the tapenng techjiiques (a-e) disclosed 
herein can be combined with one another to achieve the desired profile of the opening in the 
masking matenai. 

(c^ tanering bv var^Hng the mask distance 

.Another techjiique for creating openings in a masking layer, said cpen:n2s having 
tapered sidewails. is to gradually m.ove the mask (508) away from the substrate {506) cunng 
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exposure. This will de-rbcus the mask image on the sunace of the masking matenaL resuhing 
in a situation that would resemble the inierim product shown in Figure 5E. By controlling how 
the distance irom the mask to the masking material is vaned, during exposure of the masking 
material, the resulting opening may be larger than the transparent portion 514 of the mask 508. 
Therefore, the iratial opening in the masking material may be undersized accordingly, so that 
the rlnal dimension of the base of the opening has the desired dimensions (e.g., 200 um 
diameter). 

(d) muhiple exposures 

Figure 5F illustrates a technique for creating an opening with a tapered sidewail through 
a layer of masking material 554 (compare 544) on a substrate 556 (compare 546) by using the 
exemplary technique described with respect to Figure 5A. In this example, a firsi mask is used 
to substantially fully develop a portion 558a of the masking matenal 554 in a f^rst area having a 
first width dimension. A second mask is used to subsiantiaily develop only a top ponion 558b 
(e.g.» half the thickness) of the masking matenal 554 in a second area having a second width 
dimension that is larger than the first width dimension. For example, the first exposure may 
result in the r1rst area having a 200 um diameter, and the second exposure may result in the 
second area having a 225-250 um diameter. Preferably, the second area is aligned over the first 
area so that they overlap, although they need not be concentric. 

This will result m the masking material 554 having an openmg 558 (compare 538) which 
is stepped, like an invened wedding cake. It is withm the scope of this invention that more than 
two masks can be used, each exposing a greater area than the previous one. to create an opening 
havmg more than one siep. To remove sharp edges (if any) from the resuitmg openmg 558, the 
masking material can be reHowed as in (a) above or otherwise treated to soften the slope of each 
sidewail. This figure shows that the opening 558 in the masking matenal 554 has a tapered 
region which, in this case, is stepped rather than smooth (compare 223, 323, 423). 

fe) taoenng bv using multiple lavers 

The techmques (a-d) descnbed hereinabove are pnmanly targeted at creating a tapered 
opening in a single layer of m»asking matenal. However, they may also be applied to each of a 
plurality of layers of m.ask:ng material. 

For example, a first layer of masking matenal can be exposed, then a second masking 
layer applied on the rlrst masking layer and exposed. .\ner both masking layers are exposed, 
the masking layers would be washed to create the openings, whether the openings are the 
exDosed areas of the masking matenal or the un-expcsed areas of the masking materia!. 
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For example, a fmai product such as is shown in Figure 5F may be fabncaied by 
exposing a first layer of masking material to have a first area having a 200 am diameter, then 
applying a second layer of masking material, then exposing the second layer of mEskixig 
material lo have a second area having a 225-250 um diameter, then washing the masking 
material to have an opening which is stepped in the manner described hereinabove. One or 
more of such multiple layers can be panially exposed, as described hereinabove with respect to 
Figure 5E, so that each of the exposed areas is, in and of itself, tapered. And in a imal post- 
processing step, the sidewali of the resulting opening in the masking material can be 
"smoothed", for example, by re-flowing, as described hereinabove. 

Regarding creating an opening having a tapered sidewali, having a smooth (rather than 
stepped) sidewali is beneficial, but is not required. Also, having a constant slope, or gradual 
change of slope, for the sidewali of the opening is beneficial, but is not required. Multiple steps 
(e.g., inverted wedding caJ<e style) can advantageously be employed, particularly if there are 
many, relatively thin steps. A useful average slope can be defined even with relatively steep 
sidewalls in each of the individual steps (tiers). The objecrives are generally to provide the 
mechamcal benefits of a smicture built with a sloped component. A suitably sloped masking 
layer is readily coated (e.g., with seed layer 250) without mechamcal or eiecrricai discontinuities 
which otherwise would be a risk if the sidewali of the opening were tall and steep. 
TIP GEOMETRIES 

The geometry of and patterns in the seed layer (250, 350, ^50) upon which the contact 
structure (260, 360, 460, respectively) are built up is readily controlled, as is any desired 
paneming of the seed layer. Base ends (262, 362, 462, respectively) of the contact strucrures 
(260, 360, 460, respectively) can be sized as large as desired. Main body portions (266, 366, 
466, respectively) of the contact strucmres (260, 360, 460, respectively) can be curved rather 
than straight. Tip ends (264, 364, 464, respectively) of the contact structures (260, 360, 460, 
respectively) can have almost any desired shape. The tip ends (264, 364, 464) illustrated 
hereinabove have been shown as having a circular profile (in plan view) (see, e.g., the top plan 
view of Figure 2K and the perspective view of Figure 2M). This has been descnbed as 
corresponding to a generally hemispherical topology, but readily can be a conical or spheric 
section, and may be truncated, according to the shape of protruding feature 230 (or 430). 

.As mentioned hereinabove, for example with rciipect to Figure 20, in cenain 
applications it is desirable to solder (or braze) the tip end 264 of the contact strucmre to a 
terminal 2S0 of an electronic component 2S2 ?uch as a pnnted circuit board. It is evident from 
this iilustmtion that the solder 2S- forms a "fillet" which smoothly "flows ' beween the exnoscd 
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area of the pad 280 and the exposed area of the tip 264 of the contact smicmre 260. As a 
general proposition, the greater the area for which the solder can form a fillet, the stronger the 
resulting solder joint will be. 

Hierefore, according to an aspect of the invention, the geometry of the conductive trace 

5 .n the seed layer (250, 350, 450) may be tailored so as to present an increased amount of surface 
area on the resulting tip end of the contact siruciure for fillet formation. 

Figure 6 A illustrates, in plan view, a one of many possible shapes for the tip end 614 
(compare 264) of a contact structure 610 (compare 260). In this example, the tip end 614 is 
formed as a ring, having a generally circular outside edge 614a, a generally circular inside edge 

0 6I4b, and a gap 614c extending between the outside and inside edges 614a and 614b, 

respectively. In this maimer, for a given thickness (not visible in this view, would be into the 
page), the entire outside and inside edges 614a and 614b, respectively, would provide surface 
area to which the solder (compare 602) could adhere and form a rlllet. In topology, in one 
preferred form, this is in the form of a slotted disk, connected to the main body ponion 616 by a 

5 sloped section 613. This sloped section is comparable to sloped region 263 (see Figure 2G) 
although 613 is between the main body portion and the hp portion. The disk is generally flat, 
with gap 6 1 4c as shown. Such a disk is formed on a protruding feature (see 230) in the form of a 
truncated cone, with an opening in the stencil (see 240) to define the slotted disk as showTi. In a 
second preferred form, the topology is a slotted hemisphere, built up on a hemispherical 

0 protruding feanire, using a stencil with the appropriate openings. In a third preferred fcnn, the 
lip is generally coplanar with main body ponion 616. 

Figure 6B illustrates, in plan view, another one of many possible shapes for the tip end 
664 (compare 614) of a contact structure 660 (compare 610). In this example, the tip end 614 is 
formed as a "cruciform" within an area (indicated by dashed lines) which is comparable to the 

H area of the tip 614. This is another way of augmenting the amount of lip surface area, hence 
fillet- formation area, for a tip of a given size. In topology, in one preferred form, the cracifcrm 
is made from a patterned disk, comparable to that descnbed above with regard to Figure 6 A. 
This includes a sloped section (not shov\Ti) comparable to sloped section 613. In another 
preferred embodiment, the cruciform is simply an exter^ion of and generally coplanar with the 

c main body ponion of contact structure 660. Ln yet another preferred embodiment, the crucifonn 
is ibrmed by apprcpriateiy masking a hemisphencal prorrudmg I'eature (see 230). 

In the top pian views of Figures 6A and 6B, the emphasis is on incrcasmg ihe useful 
wettabie surface area (in the z-axis or, into the page, as vicvs-ed) of the tip end 614 and 664 of 
the contac: sirjcmre 610 and 660. respectively. The ::p end has a thickness linto the sheet of :he 
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drawing, as viewed), and a side profile according to any of the embodimems of contaci 
sirucrures descnbed hereinabove. 

As meniioned above, the protniding feature can be formed using a stencii or by screen 
pnntinc. One preferred method for forming a protruding feature is to use a stencil with 

5 specifically shaped and positioned openings. Referring to Figure 8, stencil 810 is fabricated with 
one or more openings 815. These openings 815 can be panemed with high precision to 
correspond to the desired layout of protruding features on a finished anicle. Each opening S15 
also can be shaped to define a desired topology. In the example shown, the opening is tapered 
which would be useful for a truncated conic section or a truncated pyramidal section. Other 

0 shapes can be defined as desired. 

The opening 815 is substantially filled with material 830 and the stencil is positioned on 
the masking layer (see 220 in Figure 2D) on an electronic component (see 202). One preferred 
material 830 is photolithography resist material cured to have the desired mechanical and 
chemical propenies. Materials for material 830 and for masking layer 220 can be selected so 

5 that the materials adhere such that stencil 810 can simply be lifted away from masking material 
220 leaving protruding feature 230. An additional process such as heat or appropriate release 
conditions may be applied as needed. .Another preferred release mechanism is to drive uhe 
material 830 out of opening S15 by means of a post 825 mounted on release plate S20. The 
stencil can be positioned against the masking layer (see 220) as before so material 830 contacts 

c the masking material, then release plate 820 brought into position against the stencil 810, for 
example with post 825 just touching matenai 830. Moving the stencil toward release plate S20 
{position 810'), post S25 will keep material 830 in contact with the masking maierial. By this 
method, protruding features in a wide vanet]/ of shapes can be applied to a masking material. 
OTHER V/^.RIATIQNS 

5 Various extensions of the teaching of this invention will be available to one skilled in the 

art, taken in combination with these teachings. For example, rather than using a stencil (240) to 
define the eiectroform traces (250), appropriate materials and laser pantography can be 
employed to decne and create the traces. 

Commonly-owned, copending U S. Patent Application No. 08/819,464 filed 06 Mar 97 

: by Eldndge. et al. (status: pending) and its counterpan PCT Patent Application No. US97/08606 
filed 15 May 97 (status: published as WO07/43653. 20 Nov 97, discloses techniques for 
fabricating contact tip siracrures on a sacntlciai substrate, mounting the pre-fabncated comae: 
:ip sirucrures :o ends of resilient contact structures, and removing the sacnficial substrate. Such 
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techniques could be cmpioyed, for exampie, wiih the contact srnjciure 360 described 
hereinabove, to impan a topology to the tip end 362 of the contact strucmre. 

The resulting contact structures can be heat-treated to tailor their mechanical propenies, 
as disclosed in commonly-owned, copending U.S. Patent Application No. 08/931,923 filed 17 
Sep 97 (siatus: pending). 

A contact stnicmrc(s) of nickel can be subjected to an "immersion gold" process known 
in the art to replace outer (exposed) portions of the nickel contact srrucrure wuh gold. Tms will 
modify the ulhmate contact properties of the contact structure(s) and/or alter the metallurgy for 
the outer ponions of the nickel contact structure and may serve to protect the contact structure in 
a subsequent selective etching process. 
rONCLUSION 

Techniques are descnbed hereinabove for fabncaimg microelectronic contact structures 
on an electronic component, wherein a contact structure is associated with (and electncally- 
connected lo) a contact pad of the electronic component. A number of variations have been 
described, such as mciuding or not mcluding protrudmg features (e.g., 230, 430) for altering the 
topology of the tip ends of the contact strucrures. fabricating the contact structure (e.g., 460) ai a 
position remote from the corresponding contact pad, and controlling the geometry of the tip end 
(e.g., 614) so as to facilitate robust fillet formation during soldering. The vanous techniques 
and structures disclosed herem can be "mixed and matched" with one another to create 
vanations of the above, and vanous embodiments of contact strucrures can be disposed on any 
given eiectronic component. 

Although the invention has been illustrated and described in detail in the drawings and 
foregoing description, the same is to be considered as illustrative and not restrictive in character 
- it being understood that only preferred embodiments have been shown and described, and that 
all changes and modifications that come within the spint of the invention are desired to be 
protected. Undoubtedly, many other variations on the themes set forth hereinabove will occur 
to one having ordinary' skill in the art to which the present invention most nearly pertains, and 
such variations are intended to be within the scope of the invention, as disclosed herein. 
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CL.-UMS 

Claims: 

1. A me:hoci of making a comae: structure, the method comprising 

providing an eiectronic component with a sarface and a terminal adjacent the surface, 
depositing a masking layer on the electronic component with an opening adjacent the 
surface, 

depositing a seed layer of conductive maierial over at least a pcnion of ihe terminal lo 
form a base region of the seed layer and over at least a portion of the masking layer lo form a 
main body region of the seed layer, cormecimg the base region and mam body region, and 

depositing on the seed layer a bulk layer of conductive material to form a contact 
struciure elecincaliy connected to the terminal. 

2. The method ot' claim 1 further compnsmg: 

before depositing the masking layer, depos:ting an initial conducuve layer of conductive 
material over at least a ponion of the electronic component and over at least a portion of the 
terminal, then depositing the masking layer over at least a portion of the initial conductive layer. 

3. The method of claim 1 funher comprising removing the masking layer to free the resulting 
contact structure. 

a. Tlie method of claim 1 funher compnsmg paitemmg the seed layer to define an outline of a 
resilient member. 

5. The method of claim 1 further com.pnsing patterning the main body region of the seed layer 
to include an approximately circular region, with an irmer curve which is approximately circular 
with an inner radius and with an outer curve which is approximately circular with an outer 
radius, the outer radius greater than the irmer radius, with the center point of the irmer radius 
suitably orTset from the center point of the outer radius so that the approximately circular region 
outlines a resilient miember. 

6. The method of claim i further com.pnsing placing on the m.asking layer a protruding 
element, then depositing the seed layer to at '.east parially cover the protruding element, 
wherebv when the bulk laver of conductive matenai is deriosited on the seed layer, a portion of 
:he bulk layer is deposited on the seed layer on :he protraumg eiement, providing a conductive 
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rt^gion which :s fanher removed from ihe eiec:ronic component than oiher poaions of ihe buik 
layer. 

The method of claim 1 wherein the main body region ot^the seed layer is approximately 
parallel to and displaced from the surface of the eiecironic component. 

S. The method of claim 7 wherein the mam body region is displaced from the surface of the 
electronic component by a distance of between about 125 }im and 5 mm. 

9. The merhod of claim 7 wherein the main body region is displaced from the surface of the 
electronic component by a disiance of between about 50 and 200 jim. 

10. The method of claim I funher comprising patterning the seed layer by depositing the seed 
layer ihroagh a shadow mask with one or more openings to define the shape of 'he desired seed 
layer. 

1 1 . The method of claim 1 funher comprising fabricating the opening in the masking layer to 
include a sloped region benveen the surface of the electronic component and the surface of the 
masicing layer away from the electronic component. 

12. The method of claim ii further comprising a connecting region of the seed layer that 
includes at least a portion of the sloped region, connecting between the main body region and 
the base region. 

13. The method of claim I wherein the masking material has a thickness of between about 50 
and 200 microns. 

!4. The method of claim 1 wherein the opening in the masking layer includes an area on the 
surface of the electronic ccmpcnent. which may include some or all of the terminal, with an area 
of about 10,000 :o about -12,000 square microns. 

If. The method of claim 1 where:n the opening :n the n;ask:ng layer includes an area on the 
surface of the electronic component, which may include some or ai! of :he tcrmmai. sufficient 
secure the ultimate contact structure. 

39 
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16- The meihod of ciaim 1 1 where ihe siopcd region hus an average angie of berusen about 60 
and about 75 degrees. 

: 1". The method of claim 6 vvhers:n the protruding element protrudes between aboui 50 and 175 
am n-om the masking layer. 

] 8. The method of claim 6 wherem the protmding element has a base dimension of between 
about 125 and about 375 |im. 

3 

19, The method of ciaim I wherein ihe seed layer has a thickness of between about 1000 and 
-i200 angstroms. 

20, The meihod of ciaim 1 whersm the seed layer composes gold wuh a thickness of about 
5 2500 to about 4200 angstroms. 

21, The method of ciaim 1 wherein the seed layer composes copper v/uh a thickness of about 
1000 to about 3000 angstroms. 

0 22, The method of claim 2 wherein the initial conductive layer has a thickness of be:v/een about 
jOOO and about 6000 angstroms. 

23. The method of ciaim 2 wherein the initial conductive iayer ccmpnscs an alloy of titanium 
and tungsten. 

c 

2^. The method of ciaim 2 funher composing depositing a second conductive layer on the 
miiiai conductive layer. 

25. The method of claim 2- wherein the second conductive iayer is go id. with z thicknc5,3 of 
: between about 25C0 and about -5C0 angstroms. 

26. The method of claim 1 wherem the masking material composes a material selected from the 
grcuD consistmg of poiyimide. Novolac rcsm. and a phoiorcsis:. 
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2". The merhcd of ciaini 1 where-.n the openine has sidewails and the seed lave: sucsiarnaily 
cove:s ihe sidewails. 

:S. The merhod of ciaim 1 wherein [he opening has sidewails and the seed layer only panially 
covers the sidewails. 

29. The method of ciaim 1 wherein the seed layer is deposited by a process selected from :he 
group consisting of sputtering, chemical vapor deposition, physical deposition, and e-beam 
deposition. 

30. The method of claim 1 wherein the bulk layer of conductive material is deposited by 
electrolytic plating. 

3 i. The method of claim 1 wherein the bulk layer of conductive material is deposited by a 
process selected rl-om the group consisting of electrolytic plating, eiectroless plating, chemical 
vapor deposition, physical vapor deposition, a process involving the deposition of material out 
or aqueous solution, and a process causing the deposition of material through induced 
disintegration of a precursor, liquid or solid. 

32. The method of ciaim 1 wherein the bulk layer of conductive maienal comprises nickel. 

33. The method of ciaim 1 wherein the bulk layer of conductive material com;:nses a maienai 
selected from the group consisting of nickel, copper, cobalt, iron, gold, silver, elements of the 
platinum group, noble metals, semi-noble metals, elements of the palladium group, tungsten, 
and molybdenum. 

34. The method of ciaim 1 further compnsing formmg a conductive component between the 
temiinal of the electronic component and a remote terminal on the surface of the electronic 
component, disposed away from the terminal, then depositir.g the masking layer with the 
opening over the remote terminal rather than the onginai te.mnmal. and farther depcsuing the 
seed iaver and ihe bulk layer :o ccntact the remote terminal according :o the opening m the 
masking layer 

"5. Z'hc methcd cf claim 1 further comnrlsmg fabncatmg a separate tip structure and pming : 
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oermanentiy :o :he contac: straciure to make a second, modified comae: siructure. 

36. The method of claim 35 funher compnsing fabncaimg a post structure connecied to the 
separate lip structure and joinmg the post structure :o the contact s:ructure to make a third, 

5 modi lied contact structure. 

37. The method of claim 1 wherein the electronic component is a semiconductor device. 

3S. The method or' claim I wherem the electronic component is a semiconductor device which 
0 has not been singuiated from a wafer. 

29. The me:hod of claim 1 wherein ihe electronic component is selected from the group 
consistmg of a semiconductor device, a memory device, a ponion of a scmiconcucior wafer, a 
full semiconductor wafer, a space transformer, a ceramic device, a probe card, a chip earner and 
5 a socket. 

40. The method of claim i wherein the base region of the seed layer is in physical contac: wuh 
the terminal. 

0 -^1. The memcd of claim 1 wherein the base region of the seed layer is displaced from, the 
:emiinai but is m electrical contact with the terminal. 

-^2. A contact structure of conductive m.atenal, compnsing 

a base region connected to an electronic component, the electronic com.ponent having a 
s surface and a terminal adjacent the surface, 

a main body region, displaced away from the surface, and connected to the base region, 
each of the base and main body regions comprising the conductive material, 
whereby the contact structure is secured to the electronic component and electrically 

connected to :he terminal. 

n 

J3. The contac: structure of claim ^2 I'unher compr.smg the main body re-^^ion compnsing an 
approximately circular region, with an :nner cup/c which :s appro.ximately circular with an inner 
radius which is smaller :han an outer cur/e which ;s aoproximateiy circular wuh an cuter radius, 
wuh the center pom: cf the -.ruier radius suitaiMy c::sz: frcm me center point of the cuter :ac:us 
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50 that :he approxnr.arsiy c.rcuiar region ouilines a resilient member. 

44. The contac: siructure of claim 42 I'urther comprising a tip region, connected :o the mam 
body region and protruding away from the main body region and away from the surface of the 
eiectronic component, electrically cortnected to the terminal. 

45. The contact stmciure of claim 42 wherein the main body region is approximately parallel to 
and displaced from the surface of the electronic component. 

46. The contact structure of claim -^5 wherem at least a ponion of :he main body region is 
displaced from the surface of the electronic component by a distance of beuveen 125 ^m and 5 
mm. 

47. The contact structure of claim 45 wherein at least a ponion of the main body region is 
displaced from the surface of the electronic component by a distance of between 50 and 2C0 |im. 

4S. The contac: structure of claim 42 funher composing a sloped region within the connected 
base region and mam body region . 

-^9 The contact structure of claim 42 wherein the base region is connected to the surface of the 
eiectronic component, which may include some or a!) of the terminal, with an area of about 
lO.OOO to about 42.000 square microns. 

50. The contact structure of claim 42 wherein the base region is connected to the surface of the 
electronic component, which may include some or all of the terminal, with at least an area 
sufficient to secure the contac: structure. 

:1. The contact structure of claim 43 where the sloped region has an average angle of between 
about 60 and about 75 degrees. 

:Z. The contact structure of claim 44 wherein :l;e t:p region protrudes between about 50 and 
'.'"5 am from the mam bocy region away from the sun ace cf the eiectronic component. 

:3. The coiuact siructure of claim 44 .vnere:r. :r.e iip region has a base wictr. cf between 125 
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ana aboiii 375 um. measured generaily oaraile! to ihe surface of :he eiec:ronic componeni. 

5^. The contact s:rdc:ure of claim 42 wherein the base has sidewaiis thai substaniialiy form a 
funnei-iype siruciure. 

55. The contact structure of claim ^2 wherein the base has sidewalls that substantially form a 
panial funnel-type sirucOire. 

5o. The contact strjciure of claim ^2 wherem the conductive material comprises nickel. 

57. The contact structure of claim ^2 wherein the conductive matenal comprises a matenal 
seiected from the group consisting of nickel, copper, cobalt, iron, gold, sih er, elements of the 
piatmum group, noble metals, semi-noble metals, elements of ihe palladium group, tungsten, 
and moiybdenum. 

58. The contact structure of claim ^2 further compnsing 

a remote termmal adjacent the surface of the electronic component, and 

a conductive componeni connecting the remote terminal to the terminal of the electronic 

component, 

wherem ihe base region is secured to and connected to at least a ponion of the remote 
terminal, and electncally connected to the termmal of the electronic component. 

59. The contact structure of claim 42 wherem the electronic componeni :s a semiconductor 
device. 

60. The contact structure of claim 42 wherem the electronic componeni is a semiconductor 
device which has been singuiaied from a water. 

61 The contact strucrure of claim ^2 wherein the electronic component is selected from the 
uroup consisting of a semiconductor device, a memory device, a ponion of a semiconductor 
wafer, a full semiconductor wafer, a space trans r'anTier, a ceramic device, a probe card, a chip 
carrier and a socket. 

oZ. T^'.e contact structure of claim 42 funher compnsmg a separate up structure joined 
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permanenciy to :he comae: siracture to make a second, modined ccn:ac: siruciure, 



o3. The contact structure of ciaim 62 funher comprising a post structure connected :o the 
separate tip structure and joined to the contact structure to make a third, modified contact 
structure. 

64. A method of using the contact structure of claim ^2 by providing a second electronic 
component with a second terminal thereon and contacting the contact snructurc to the second 
terminal. 



65. The meihoc of claim 64 funher compnsing eiTecting a pressure connection between ihe 
contact structure and the second terminal so as to effect an eiectncal connection between the 
first and the second terminals. 

5 66. The method of claim 64 funher compnsmg effecting a permanent connection between the 
contact structure and the second terminal so as to effect an electrical connection between the 
first and the second terminals. 

67. A method of fabricating a sloped sidewall in an opening in a layer of masking mater.al for 
0 the preparation of a contact structure, the method comprising: 
providing a substrate, 

applying a masking material to the substrate. 

forming an opening in the masking materia] with a sloping sidewali. 

5 6S. The method of claim 67 wherein the masking m.aterial is photosensitive, and the masking 
material is applied to a first surface of the substrate to give a second surface of the masking 
material which is more or less at some distance from the first surface, and tlinher comprising: 
exposing a first region of the material to a first depth with a first dimension parailei to 
the first surface, 

c exoosing a second region of the matenai to a second depth with a second dimension 

parallel to the first surface, the second depth shallower than the first depth, measured from* the 
second surface of the masking m.ater.al, and the second dimension parallel to the first surface 
greater than the firs: dimension parailei to the rlrst surface, ar.d 



0 



removme mask:ne material from the tlrst and second exposed resicns. 
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whereby a siepped opening is creaied in the masking matenai which i< :i::rrower at :ts 
deepest ex:ent than at the second surface. 

69 The meihod of claim 67 wherein apiuraiity of exposures to different depths each have a 
5 corresponding dimension parallel to the first surface which is increasingly greater with 

corresponding shallower depth, whereby removing the masking matenai from the exposed 
regions forms an opening wiih a generally sloping sidewalL 

70. The method of claim 67 wherem process of prepanng a generally slopmg sidewall leaves 

0 some discontinuities from a smooth slope, the method funher compnsmg refiOwins the masking 
material to some extent to lessen at least some of the discontinuities. 

71. A method of fabricating a sloped sidewall in an opening in a layer of masking matenai for 
the preparation of a contact structure, the m.ethod compnsing: 

c providing a substrate, 

applying a masking material to the substrate, 

forming an opening in the maskmg material, the opening having a sidewalk 
reflovving the masking material in the region of the opening so that the sidewall of the 
opening becomes more sloped. 

0 

72. A method of fabricating a sloped sidewall in an opening m a layer of masking matenai for 
the preparation of a contact structure, the method compnsing: 

providing a substrate, the substrate having a surface 

applying a masking material to the surllace of the substrate, 
5 exposing the masking material in varying degrees such that exposure deepest in the 

material have a dimension parallel to the surface of the substrate which is smaller than the 
dimension of the exposure in the shallowest exposure of the materiak and 

removing exposed m*ask:ng matenai :o form an opening that is generally narrov.-er closer 
to the surface of the substrate. 

0 

"3. The m.etnod of claim "2 runher compnsing vap/mg :he intensity of exposure at ciffereni 
depths in the masking material. 

The method of ciaim "2 funher com.pnsmg var. :ng patterns for e.\rcs:ng :r.e m.askmg 



46 





wo 98/5:224 



?CT.aJS98/09999 



material such that narrower patterns are "jsed for deeper exDOsures and wider patterns are used 
for shailower exposures. 

75. The method of claim 69 or ciaim 72 funher composing forming a shaped member wuhin 
r the opening such that a first ponion of the shaped member is attached to the surface of the 

substrate and a second ponion of the shaped member generally follows the shape of the opening 
in the masking material. 

70. The menicd of ciaim 75 funher compnsing removmg the maskmg material to leave a 
:c shaped member aitached to the surface of the substrate. 

77. An eiectronic component with a masking material with a pattern of sloped openings 
comprising: 



a plurality of openmes in the maskmg material, at least some ones of the plurality of 
openings having at least one siopmg sidewall, the sloping sidewail having an average angle 
different than approximately venical. 

2 3 7S. The electronic component of ciaim 7"^ wherein the sloping sidcwail is at an average angle of 
aboui GO to 75 degress from venical. 

"9 The eiecironic component of claim 77 where the electronic component is seiecied from the 
group consistmg of a semiconductor device, a memor\' device, a portion of a semiconductor 
: s wafer, a full semiconductor wafer, a space transformer, a ceramic device, a probe card, a chip 
earner and a socket, 

SO- A method of makmg a contact structure with a sloped region, the method comprising 

providing an eiectronic component with a surface and a terminal adjacent the surface, 
:c applying a masking layer on the electronic component with an opening adjacent the 

terminal, the opening inciuding a sloped region between the surface of the electronic comooncn: 

and the surface of the masking layer away trom the eiectronic component, and 

applying a bulk layer of resilient matenai to connect to at ieas: a ncrt:on of the terminai 

:c :brm a base region of the bulk layer and ever at '.cast a ponion cf the masK:ng iayer to tcm^. ^ 



15 



an electronic component, with a surface, 
a maskmg matenai on the surface. 
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main body region of me bulk layer, connecting the base region ana main body reaion along a: 
least a ponion of the sloped region, to form a contact structure electncaiiy connected to the 
terminal and mechanically connected in a fixed relationship :o the substrate. 

= SI. The method of ciaim SO further comprising removing the masking layer to free the resuitmg 
contact structure. 

52. The method of claim 80 further compnsing depositing a seed layer before applying the bulk 
layer, the seed layer connecting at least a ponion ot the terminal to form a base region of the 

10 seed laver and over at least a portion of the masking layer to form a main body region of the 
seed layer, connecting the base region and main body region along ai least a portion of the 
sloped region. 

53. The method of claim 82 funher comprising patterning the seed layer to denne an outline of 
15 a resilient member. 

84. The method of ciaim SO funher compnsing patterning the seed layer by depositing the seed 
layer thj-ough a shadow mask with one or more openings to define the shape of the desired seed 
layer. 

20 

55. Tlie method of claim SO funher corr.pn sing patterning the mam body regior. of :he seed 
lavcr to include an aoproximaieiy circular re-^ion. with an inner cur/e which is approximaieiy 
c:rcuiar with an inner radius and with an outer curve which :s approxiniately circular wiih an 
outer radius, the outer radius greater than the inner radius, with the center point of the inner 

2^ radius suitably offset from the center point of the outer radius so that the approximately circular 
region outlines a resilient member. 

56. The method of claim SO t'unher compnsing placing on the masking layer a protruding 
element, then depositing the bulk 'aye: to at least panialiy cover the protruding element. 

: 0 i^rovidmi^ a conduc:i\'e region which is farther removed from the eiecircnic component than 
c:her ponions of the bulk layer. 

S7 The method of claim SO wherem the mam bocy regton of the bulk layer :s approximiately 
traralle: to and dispiaced from, the surface of the eiectronic component. 
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iS. The me:hod of cia:m wherein the mam body :eg?on is displaced Irom :ne surface of :he 
:*!ec:ronic component by a disrance of between about 50 and 200 um. 

5 S9. The method of claim 80 where the sloped region has an average angle of between about 60 
and about 75 degrees. 

90. The method of claim S6 wherein the protruding element protrudes beLwesn about 50 and 
175 um from the masking layer 

10 

91. The method of claim 82 wherein the seed layer com^pnses gold with a thicicness of about 
2500 to about 4200 angs:romiS. 

92. ThQ method of claim S2 wherein the seed layer composes copper with a thickness of about 
15 1000 to about 3000 angstroms. 

93. The method of claim SO wherein the bulk layer of conductive m.ateriai is deposited by 
electrolytic plating. 

: J 9-. The method of claim SO wherein the bulk layer of conductive maienal is deposited by z 
process selected from the group consistmg of eiectrolyiic plating, eiectroiess plating, chemical 
vapor deposition, physical vapor deposition, a process mvclving the deposuicn of m;aieriai cut 
or aqueous solution, and a process causmg the deposition of m.aterial through induced 
disintegration of a precursor, liquid or solid. 

2 5 

95. The m.ethod of claim. SO wherein the bulk layer of conductive matenal compnses a miatcnal 
selected from the group consisting of nickel, copper, cobalt, iron, gold, silver, elements of the 
platinum group, noble metals, semi-nobie metais, elem*enls of the palladiumt group, tungsten, 
::jic moiybdenumi. 

96. The method cf claim* SO further compnsmg formmg a conductive component between the 
:erminal of the electronic com^ponent and a remiOce termir;.''.! on the surface of the electronic 
component, disposed aw ly from '.he tcrm.inai, then deposiiing the mai^king layer wi:h the 
opening over ihe remote termiinai .-ather than the ongina: :erm;inai. and funhsr aepcsiiing :hs 
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seed layer and the bulk layer to contaci :hc reTiote termmai according :o the opening m che 
masking layer. 

97. The method of claim SO wherem the eiec:ronic component is a semiconductor device. 

98. The method of claim 30 wherein the electronic component is selected from the group 
consisting of a semiconductor device, a memor\' device, a portion of a semiconductor wafer, a 
full semiconductor wafer, a space transformer, a ceramic device, a probe card, a chip carrier and 
a socket. 

0 

99. A contact structure of conductive materiaL comprising 

a base region connected to an electronic component, the elecircnx component having a 
surface and a terminal adjacent the surface, 

a main body region, displaced away from the surface, and connected to ihe base region, 
5 a sloped region, connected to the base region and to the main body region and forming a 

portion of one or both of the base region and main body region, 

each of ihe base, sloped and main body regions compnsing the conductive materia!. 

whereby the contact structure is secured to the electronic component and electrically 
connected to the :erminal. 

c 

100. The contact structure of claim 99 funher compnsing the main body region compnsing an 
approximately circular region, with an inner cur/e which is approximaieiy circular with an inner 
radius which is smaller than an outer cui^ e which is approximately circular wiih an outer radius, 
with the center point of the inner radius suitably offset from the center pomt of the outer radius 

5 so that the approximately circular region outlines a resilient member. 

101. The contact structure of claim 99 funher compnsmg a tip region, connected to the main 
bodv region and protruding away from the mam body region and away from the suriace of the 
electronic component, electrically corjiected to the terminal. 

0 

102. The contact structure of claim 99 wherein the main body region is approximateiy parallel 
to and displaced from the surface of the electronic component. 

103. The contact structure of claim 9'^ wherein the base region is connected to the surface of the 



:0 
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eiecironic componeni, which may induce some or all ol ibx lerrnhnal, wuh at ieas: an area 
5u:Ticient lo secure the coniacl siruciure. 

104. The contact structure of claim 99 where the sloped region has an average angle of berween 
about 60 and about T'f degrees. 

105. The contact struciure of claim 101 wherein the tip region protrudes benveen about 50 and 
1 75 um from the main body region away from the surface of the electronic component. 

106. The contact structure of claim 99 wherein the base has sidewalls that substantially form at 
least part of a funnel-type structure. 

107. The contact structure of claim 99 wherein the conductive material compnses nickel. 

lOS. The comae: structure of claim 99 wherein the conductive material comprises a matenal 
selected from the group consisting of nickel, copper, cobalt, iron, gold, silver, elements of the 
platinum group, noble metals, semi-noble metals, elements of the palladium group, tungsten, 
and molybdenum. 

109. The contact structure of claim 99 further comprising 

a remote terminal adjacent the surface of the electronic component, and 

a conductive component connecting the remote terminal to the terminal of the eiecironic 

component, 

wherein the base region is secured to and connected to at least a ponion of the remote 
terminal, and eiecrncaily ccrmecied to the terminal of the electronic component. 

1 10. The contact structure of claim 99 wherein the electronic component is a semiconductor 
device. 

1 1 1. The contact structure of claim 99 where:n :he electronic componeni is selected from the 
group consisting of a semiconductor device, a .Tiemory device, a ponion of a sem:cond"jc:cr 
water, a full sem.iconductor wafer, a space transfonner. a ceramic device, a probe card, a chip 
earner and a socket. 
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1 12. In a luhographicail y defined ccn;ac: s:ruc:ure. a meihod of defining a prciuberani region 
on a base matenai. the method comprising: 

posiuonmg a protubcrani element on the base matenai. 

forming a contact sin:c:ure lo cover some portion of the protuberant element and to 
cover some pcnicn of the base matenai. 

I 13. The method of ciaim 1 !2 funher comprising removing the base material after the comae: 
structure is formed. 

1 14. The method of ciaim 1 1 2 funher comprising removing the protuberant eiement after the 
contact structure is formed. 

115. The method of claim 1 12 wherein the base material is a masking matenai which can be 
patterned lithographically. 

1 16. The method of claim 1 12 funher comprising an electronic component on '.vhich the base 
material is secured. 

117. The method of claim 1 12 funher ccmpnsing secunng the contact structure relative to the 
eiecironic com^ponent. 

i 18. The method of claim 1 12 funher comprising forming the contact structure by applying a 
seed layer to cover some ponion of the protuberant eiement and to cover some ponion of the 
base matenai. then forming a bulk materia! conforming to the position of the seed layer. 

119. In a lithographically defined contact structure, a product comprising 

a base component and 

a protuberant region on the base component. 

120. The product of claim 1 19 funher compnsing an electronic compcnent. the base component 
secured rtMative to the e:ec:rcr:ic ccmponeni and electrically ccrjicctci.: :c the e:ectron;c 



comDoneni. 



: he orcduc: of ciain: !2C wherein the protuberant region \s a contact area exiendine av/av 



wo 9S 51224 PCmJS98/09999 



from the base component and exiending away from ihe electronic component. 



• 
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